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ABSTRACT 
The provenance of the glacial deposits of a portion of the 
Summit Creek, Trail Creek, and North Fork of the Big Lost River 
drainages.was defined on the basis of boulder and pebble lithology 
and heavy mineral assemblages.  Through the use of these techniques, 
four major source areas for the deposits were identified:  the 
Summit Creek, Trail Creek, Kane Creek,, and North Fork areas.  Each 
of these sources is typified by contributions of a specific 
"indicator" lithology as well as a characteristic heavy mineral 
suite.  Lithologies and heavy minerals which were used as indica- 
tors of the source areas are as follows: 
Summit Creek - quartz monzonite, monazite, 
and pennine. 
Kane Creek - metamorphics, hornblende, and 
pink garnet. 
North Fork - volcanics, clinopyroxene, and 
hypersthene. 
Trail Creek - gray and banded quartzite and 
diopside. 
Other lithologies and heavy minerals encountered reflected the 
overall nature of the bedrock geology of the source areas and 
complimented the results of analysis of the indicator rock types 
and minerals. 
Knowledge of the provenance of the glacial deposits of the 
area allowed detailed interpretation of relationships between 
lobes.  The chronology of Pleistocene events in the area, ice 
flow paths, ice margin positions, and a possible deglaciation 
history of the area are reconstructed.  Much of this work sub- 
stantiates earlier suggestions by Cotter (1980). 
The Summit Creek lobe dominated the Summit Creek Valley and 
coalesced with the Kane Creek lobe in early Pinedale, and possibly 
Bull Lake time.  In following events, the Summit Creek and Kane 
Creek lobes existed as discrete and separate glaciers, each 
limited to flow in and near its source canyon.  No definative 
evidence exists to establish whether or not the North Fork and 
Kane Creek glaciers merged, although it is speculated that this 
took place during the Bull Lake advance.  Provenance information 
indicates that for most of its history, however, the North Fork 
lobe was not influenced by the nearby Summit and Kane Creek lobes. 
Evidence from Pinedale deposits in the Park Creek Valley 
suggests piracy of the Trail Creek glacial system by the Summit 
Creek lobe..  This necessitates divide crossing by the Trail Creek 
lobe into the Park Creek drainage, leaving the lower portion of 
the Trail Creek Valley unglaciated, until a point where tributary 
glaciers modified the valley shape.  Local geomorphology supports 
this conclusion. ...Altooughjeyidence_of_piracy exists only in     
Pinedale deposits, it is assumed that this situation prevailed in 
Bull Lake time as well. 
Energy dispersive X-ray SEM analysis and optical microscopy 
of the heavy mineral suites of till collected from moraines 
sourced in Phi Kappa Canyon - a canyon with a working sulfide 
mine - reflect the mineralized assemblage and indicates that the 
easily weathered sulfide minerals have survived the late glacial 
and Holocene weathering environment of the study area.  This 
demonstrates the feasibility of using till matrix studies for. 
mineral exploration in areas of past (and present) alpine glacia- 
tion. 
INTRODUCTION 
Location 
The study area occupies 320 sq. km. in the 'Pioneer Mountains 
of Custer and Blaine Counties, Idaho (Figure 1).  The-area encom- 
passes the drainage of the North Fork of the Big Lost River, 
Summit Creek, and a portion of the Trail Creek drainage (Figure 
2).  The maximum relief in the area is approximately 1,515 m., 
with the highest peak (Ryan Peak> elevation 3,489 m.) located 
along the western boundary of the study area. 
Improved gravel roads, open from late spring to mid fall, 
roughly parallel the major streams in the area.  Ketchum and 
Mackay, Idaho are 18 km. and 48 km., respectively from the study 
area. 
Geomorphic Environment " 
The area lies within the Northern Rocky Mountain geomorphic 
province of Thornbury (1965), and is characterized by rugged basin 
and range topography.  Dover (1966) and Nelson and Ross (1969) 
propose block faulting in the Quaternary and Tertiary as the 
principal origin of the present landscape.  Lowell (1957) favors 
formation of the basin and range terrain during the Laramide 
Orogeny. 
The region has been greatly modified by Quaternary glacial 
action.  Summit and upper Trail Creek canyons and their tributary 
canyons have the U-shape characteristic of alpine glaciation. 
Scale 1:5,000,000 
Fig. 1.  Index map showing location of study area. 
N 
Fig." 2.  Location map showing major streams in study area. 
V 
Cirques andtarnsoccur_coinmonly_ in „the .-higher elevations-.--- -  
Moraines and stream terraces are evident in the valleys.  The 
canyon of the North Fork of the Big Lost River contains an 
abundance of depositional glacial features at its mouth and in 
the mountainous western portion.  Tributary canyons are generally 
narrow and V-shaped with little evidence of glacial activity. 
Bedrock Geology 
The bedrock geology of the region consists of a complex 
sequence of sedimentary, igneous, and metamorphic rocks.  Thrust 
faulting and folding are common structural elements, and the 
igneous rocks represented are both extrusive and plutonic. 
The geology of the study area has been most recently mapped 
by Dover and others (1976).  Their map, combined with lithologic 
descriptions from earlier work by Dover (1966, 1969), forms the 
basis for much of the following discussion of bedrock geology. 
A simplified geologic map of the area and stratigraphic column 
are included as Figures 3 and 4.    - 
The success of a study such as this one depends on the 
ability to relate the rock and mineral types found in the glacial 
deposits to the bedrock geology of the potential source areas. 
For this reason, a knowledge of rock types and major trends of 
the area isLes-sent±a3 
The following is a brief discussion of the geologic units 
which outcrop in the study area.  As the purpose of this section 
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is to generally acquaint the reader with the various rock types  
in the area, both the geologic map (Figure 3), and the lithologic 
descriptions have been simplified to show major trends, rather 
than detail.  In some cases, which will be noted where appropriate, 
the units have been grouped together.  This has been done when 
rock types are so similar in appearance that they can not be 
distinguished readily in the field, or where two or more formations 
have outcrops which are too complicated or too small to be differ- 
entiated in Figure 3. 
Wildhorse Creek Gneiss Complex, Hyndman, and East Fork 
Formations - These three formations are exposed in the head of 
the southeast fork of Kane Creek (Figure 3).  Although each is a 
distinct geologic formation, the complex outcrop pattern which 
has resulted from thrust faulting in the area is composed of units 
too small to be represented in Figure 3.  Therefore, these units 
have been grouped together in this discussion and in Figure 3. 
The Wildhorse Creek Gneiss Complex is a heterogeneous group 
of Precambrian gneisses.  Although not figured individually on 
Figure 3, four distinct lithologies are recognized within the 
complex (Dover, 1969); a quartzitic gneiss, a marble/ a guartzitic 
to granitic gneiss, and a mafic gneiss.  Mafic and granitic intru- 
sions are also found in the complex. 
The Hyndman and East Fork Formations are composed of mata- 
sedimentary rocks which overlie the Gneiss Complex.  The Hyndman 
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Formation is composed of peletic schist,gneissose quartzite, and 
banded calc-silicate rocks (Dover, 1969).  The East Fork Formation 
consists of a dolomitic marble, vitreous quartzite, calcic marble, 
and a massive quartzite. 
Phi Kappa and Trail Creek Formations - Originally described as 
separate units, Dover and others (1976) map these two formations 
together.  Both are composed of black and gray shales, argillites, 
and siltstones (Dover, 1969), and outcrop in the eastern portion 
of the Trail Creek drainage (Figure 3).  The two formations are 
physically conformable and paleontologically continuous (Churkin, 
1964).  They are differentiated on the basis of the age of the 
graptolites contained in the formations.  Associated with the Phi 
Kappa and Trail Creek Formations, but mapped separately in Figure 
• 
3, are a sequence of rocks mapped by Dover and others (1976) as 
undifferentiated Devonian and Silurian argillites (Figure 3). 
Copper Basin Group - Controversy exists over the division and 
age- of the rocks included in the Copper Basin Group.  Paull and 
Gruber (1977) propose a lower Mississippian to middle Pennsylvanian 
age, and recognize seven units:  (listed from oldest to youngest) 
1) Little Copper Creek Formation, 2) Drummond Mine Limestone, ■ 
3) Scorpion Mountain Formation, 4) Green Lake Limestone Member, 
5) Muldoon Canyon Formation, 6) Brockie Lake Conglomerate, and 
7) Iron Bog Creek Formation. 
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Dover and others (1976) also use the term "Copper Basin 
Group", but assign it entirely to the Mississippian.  The 
group is divided into an Upper Clastic Unit, the Drummond Mine 
Limestone, and the Lower Clastic Unit.  The relationship between 
the Copper Basin Group units of Paull and Gruber (1977) and those 
6f Dover.and others (1976) has not been resolved in the litera- 
ture. 
Since the most recent geologic map of the study area available 
to the author is that of Dover and dthers (1976), the stratigraphy 
developed for that map is used for this study.  This is not to 
be interpreted as an endorsement of the work by Dover and others 
(1976), or a rejection of that by Paull and Gruber (1977) , but 
rather to represent a continuity within the geologic framework 
available for use. 
The Upper and Lower Clastic Units of Dover and others (1976) 
have been grouped together in Figure 3.  This is due to the 
difficulty in differentiating the two units in the field.  The 
Drummond Mine Limestone, however, is easily recognized, and is 
indicated separately.  The Phi Kappa Mine, located in Phi Kappa 
Canyon, produces lead, silver, and zinc from a replaced horizon 
in the Drummond Mine Limestone.  The tills of this canyon were 
examined in hope of finding evidence of the mineralization in the 
heavy mineral fraction. 
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Wood River Formation - The Wood River Formation outcrops in 
the head of the canyon of the North Fork of the Big Lost River, 
and on the west side of Trail Creek (Figure 3).  Dover and 
others (1976) define the formation as middle Pennsylvanian to 
early Permian in age, and divide it into a Lower and Upper unit. 
The Lower Unit is composed of a chert conglomerate with inter- 
bedded quartzite and sandy limestone, overlain by a limestone 
sequence.  The Upper Unit is a thick series of calcareous sand- 
stones, limestone, and quartzite.  These two units have been 
grouped together in Figure 3 due to the similarity of lithologies 
they represent. 
Quartz Monzonite Stocks of Summit Creek - This Tertiary unit 
occurs as quartz monzonite intrusions in the Summit Creek and 
Little Fall Creek Canyons, and on the ridge northeast of Big 
Fall Creek (Figure 3).  The rock is composed of roughly equivalent 
amounts of quartz, microcline, and plagioclase.  Biotite, magne- 
tite, apatite, allanite, muscovite, and euhedral sphene have 
also been recognized (Dover, 1969). 
An additional quartz monzonite body is located in the Kane 
Creek Valley (Figure 3).  Although grouped with the quartz monzonite 
stocks of Summit Creek by Dover and others (1976), earlier descrip- 
tions by Dover (1966, 1969) differentiate this outcrop from those 
in Summit Creek.  Dover (1969) characterizes the Kane Creek out- 
crop as ranging in composition from quartz diorite and mafic 
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granodiorite to quartz monzonite.  Portions of the body are 
enriched in clinopyroxene and hornblende (Dover, 1969). 
Challis Volcanics - The Challis Volcanics outcrop in the 
southern, northern, and central portions of the study area 
(Figure 3).  Recent work by Citrone (1978) indicates the unit 
to be andesitic in composition.  He proposes division of the 
Challis Volcanics into flows, tuffs, and agglomerates. 
The varied bedrock geology of the study area is ideal for 
a provenance investigation of glacial sediment.  Each of the 
principal glacier source areas (see discussion below) has one 
or more distinctive lithologies that serve as "markers" in pebble 
and boulder determinations, and contribute a unique heavy mineral 
suite to the till. 
The Summit Creek drainage is characterized by clastic lith- 
ologies and heavy minerals of the quartz monzonite intrusives, as 
well as large amounts of Mississippian elastics (Figure 3).  The 
Kane Creek drainage is typified by Precambrian gneisses, with 
large quantities of Mississippian elastics, and lesser amounts of 
Challis Volcanics and intrusives (Figure 3).  The North Fork of 
the Big Lost River is floored by' a variety of lithologies, but is 
dominated by clasts and heavy minerals of the Challis Volcanics 
(Figure 3).  The Trail Creek source area is represented by clasts 
and heavy minerals of Pennsylvanian, Devonian, and Silurian- 
Ordovician elastics, as well as small amounts of Challis Volcanics 
and Mississippian elastics (Figure 3).   ~ 
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Previous Work 
Bedrock Geology 
The geology of the area was first discussed by Lindgren in 
1899 as part of a study of the economic geology of the region. 
In 1930, Umpleby and others published a detailed study of the 
geology and ore deposits of the area.  This work was superceeded 
by the publication of Dover's (1966, 1969) map of the bedrock 
geology of the Pioneer Mountains.  In 1976, Dover and others 
published a more detailed map of the irea which included revisions 
of formation nomenclature.  The 1976 map serves as the reference 
for the bedrock geology of the study area in this investigation. 
Quaternary Geology - The Rocky Mountain Glacial Model 
Detailed work on the Quaternary deposits of the Rocky Moun- 
tains began in the early 1900's.  Salisbury (1901) summarized the 
findings of four field parties who investigated glacial deposits 
in various portions of the Rocky Mountains.  Deposits were described 
and ages proposed, but nomenclature for the deposits was not 
introduced. 
In 1915, Eliot Blackwelder proposed the first stratigraphy 
for the glacial deposits of the Rocky Mountain region.  Although 
it was based only on'deposits in the Wind Rivers region of Wyoming, 
this stratigraphy became the basis of the' Rocky Mountain Glacial 
Model. 
15 
At the heart of Blackwelder's work are three major glacia- 
tions described on the basis of depositional landforms.  The 
earliest glaciation was named "Buffalo" for the exposures of till 
along the Buffalo Fork of the Snake River.  These deposits exist 
as scattered patches of till, which are highly weathered and lack- 
ing morainic topography.  The location of the till was interpreted 
to be indicative of deposition prior to the formation of the can- 
., yons which are part of the rugged landscape seen today.  Blackwelder 
felt that the glaciers of the Buffalo age were piedmont glaciers, 
and were more extensive than later advances.  He proposed a pre- 
Wisconsinan age for these deposits (Blackwelder, 1915; Mears, 1974). 
The second advance, the Bull Lake, was named for a moraine 
dammed lake on the northeast side of the Wind River Mountains. 
Bull Lake deposits are identified on the basis of topographic 
evidence, and inferred to be early Wisconsinan in age (Blackwelder, 
1915; Mears, 1974). 
The third advance recognized, by Blackwelder is the Pinedale 
advance.  This advance, named for its type locality near Pinedale, 
Wyoming, was recognized largely on the basis of its geomorphic 
expression.  The Pinedale deposits are less dissected and located 
up valley from those of the Bull Lake advance (Blackwelder, 1915; 
Mears, 1974). 
Using Blackwelder's work as a prototype, subsequent workers 
have refined and expanded' his original ideas. ' The following is a 
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brief history and description of the Rocky Mountain Glacial model 
as it is used at present. 
Pre-Bull Lake or Buffalo Advance 
Blackwelder (1915) had originally assigned the name "Buffalo" 
to the oldest deposits that he interpreted as glacial.  Later work 
at the type section of the Buffalo till has shown the deposit to 
be a Pliocene fan.  Therefore, the term "Buffalo" has been super- 
ceeded by "Pre-Bull Lake" (Richmond, 1965). 
In Blackwelder's 1915 model, the Buffalo deposits represented 
one advance, although he did recognize the possibility of multiple 
advances.  In 1931, he noted the presence of two Pre-Bull Lake 
tills in the Sierra Nevada Mountains.  Richmond (1948) interpreted 
gravels on the tops of two high terraces, which could be traced 
into tills of the Buffalo stage, as evidence of two stages or sub- 
stages.  In 1955, Holmes and Moss recognized at least two glacia- 
tions in the western Wind River Mountains.  Richmond.(1957) sub- 
sequently found evidence of three pre-Wisconsinan glacial stages 
in the LaSal Mountains of Utah, and the east slope of Glacier 
National Park.  From this information, combined with later work 
(Richmond, 1962a, 1962b) Richmond (1964) proposed three pre- 
Wisconsinan glaciations in the Rocky Mountains:  the Washakie 
-P©4n-t— (oldest) , the Cedar Ridge, and the Sacagawea Ridge (younge~s1r) 
V 
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The Pre-Bull Lake deposits are found as scattered patches 
of till frequently associated with high stream terraces (Richmond, 
1957).  These deposits may cap intermountain divides, or exist 
along drainage lines which differ from those of today.  The 
Pre-Bull Lake tills are sheet-like in form, and have.few surface 
boulders (Richmond, 1957).  Intensely weathered, or "ghost" boulders 
are abundant in these deposits (Richmond, 1960). 
Topographically, the Pre-Bull Lake terrace deposits are 
situa.ted well above modern stream levels.  In the Wind River Range 
of Wyoming, the Washakie Point gravels are located at 228 meters 
above stream level, the Cedar Ridge at 195 meters, and the 
Sacagawea Ridge till may imply two advances during this period 
(Richmond, 1965).  The Pre-Bull Lake deposits also extend further 
down stream than those of the younger deposits (Moss, 1951). 
Holmes and Moss (1955) found that the size distribution of 
the Pre-Bull Lake tills did hot differ significantly from that in 
younger tills.  Richmond (1965) notes the similarity between Pre- 
Bull Lake and younger tills, but distinguishes the Pre-Bull Lake 
as more compact and having a higher clay and silt content. 
Blackwelder (1915) assigned the Buffalo tills a pre-Wiscon- 
sinan age.  Richmond (1964), very tentatively, suggested that the 
Washakie Point, Cedar Ridge, and Sacagawea Ridge events are 
respectively correlative with the Nebraskan, Kansan, and Illinoian 
of the mid-continent.  Birkeland and others (1971) propose the 
IB 
following approximate ages for the Pre-Bull Lake glaciations: 
Washakie Point - 1,500,000 to 800,000 years BP (Before Present), 
Cedar Ridge - 700,000 to 500,000 years BP, and Sacagawea Ridge - 
400,000 to 150,000 years BP. 
Bull Lake Glaciation 
Fryxell (1938), Richmond (1948, 1960), and Holmes and Moss 
(1955), working in the Wind River Mountains and Jackson Hole area, 
Wyoming, reported that the Bull Lake Glaciation of Blackwelder 
(1915) actually contained two advances.  Subsequently/ Richmond 
(1964) proposed a third Bull Lake advance which is represented by 
a moraine at some localities.  He feels that this represents a 
second episode in the late stage of the Bull.Lake. 
Bull Lake moraines are frequently dissected, have a subdued 
but morainic topography, and are well-drained (Holmes and Moss, 
1955).  Surface depressions may be cut by drainage channels, or 
filled with younger aeolian or fluvial material (Knoll, 1973). 
Surface boulder frequency is low, as compared to Pinedale deposits 
(Richmond, 1976).  The boulders present in Bull Lake tills are 
more intensely weathered than their Pinedale counterparts.  While 
most clasts in Bull Lake tills are fresh, some have developed 
weathering rinds, and a few are rotten.  Bull Lake tills generally 
contain more silt and-clay than Pinedale deposits and possess a 
more weathered till matrix (Richmond, 1976). 
■ V 
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Deposits of the two Bull Lake stades are differentiated on 
the basis of weathering intensity and position.  The older Bull 
Lake deposits are more deeply weathered than those of the younger 
Bull Lake, and occupy an intermediate position up drainage from 
younger (Pinedale) deposits.  Stratigraphically, the Bull Lake 
deposits are separated from those of Pinedale age by a soil 
(Richmond, 1965). 
Richmond (1965) proposed an early Wisconsinan age (30,000 to 
70,000 years BP) for the Bull Lake deposits.  Later work in the 
Yellowstone area prompted Richmond (1972) to assign the early 
stade an age of 125,000 to 105,000 years BP, and the late stade 
105,000 to 85,000 years BP.  Pierce and others (1976) obtained an 
Illinoian age (approximately 140,000 years BP) for a Bull Lake till 
deposited near West Yellowstone.  Work in the Wasatch Mountains of 
Utah by Madsen and Currey (1979) has indicated an age of 20,000 to 
19,000 years BP for a maximum of the glacial advance which deposited 
a till correlated with the late stade of the Bull Lake Glaciation 
by Richmond (1964).  Thus,-there may be several stages of "Bull 
Lake" ice activity, or deposits of quite different ages may be 
mistakenly grouped under the term "Bull Lake". 
Pinedale Glaciation 
The original Pinedale advance of Blackwelder (1915) has 
also been subdivided by-later workers.  Two advances were recog- 
nized by Atwood (1937, in the Medicine Bow and Park Ranges), Moss 
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(1949, in the southern Wind River Mountains), Holmes and Moss (1955, 
in the Wind Rivers), and Richmond (1962, in the LaSal Mountains). 
Madole (1969) found evidence for three advances in the St. Vrain 
Basin (Colorado), as did Richmond (1948, 1960) in several other 
portions of the Rocky Mountains.  Four Pinedale advances were 
identified by Kiver (1968) in the southern Medicine Bow Mountains, 
as well as by Graf (1971) in the Beartooth Mountains. 
Pinedale deposits are characterized by^-a geomorphologically 
younger appearance than the above described deposits.  Moraines 
are steep-sided and have a high frequency of surface boulders which 
are not as strongly weathered as those on Bull Lake moraines. 
Drainage is not well developed on Pinedale moraines, and standing 
bodies of water are common.  Older Pinedale moraines may occasion- 
ally be dissected, however, by drainage from younger moraines 
(Madole, 1976).  Pinedale moraines are often "nested" with the 
oldest moraine farther downstream and younger ones sequentially 
arranged behind it. 
In 1965, the Pinedale Glaciation was correlated with the 
."classical", or late, Wisconsinan (7,000 to 25,000 years BP) of 
the mid-continent by Richmond.  Richmond (1972) later stated that, 
on the basis of a radiocarbon date of 29,000 ± 1,000 years BP, the 
Pinedale deposits of the Yellowstone area were younger than 
29,000 years BP.  Pierce and others (1976) suggested that more 
recent information indicated that this date should be regarded as 
>29,000 years BP. 
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Dating of Pinedale deposits in the Yellowstone area using 
obsidian hydration techniques by Pierce and others (1976) yielded 
an age of approximately 30,000 years old for early Pinedale deposits 
and 10,000 and 15,000 years old for late middle Pinedale deposits. 
This work suggests that the Pinedale Glaciation of the Yellowstone 
j 
area is correlative with much or all of the Wisconsin. 
Nelson and others (1979) described a sequence containing 
14 
multiple tills and material datable by C  methods, excavated in 
the Colorado Front Range.  Their work showed that the Pinedale 
Glaciation in the Fraser Valley of Colorado consisted of three 
advances and lasted from >30,000 to 13,700 years BP.  This work 
supports that of Pierce and others (1976) .  Madsen and Currey (1979) 
indicate that moraines in the Wasatch Mountains in Utah which had 
been correlated .by Richmond (1964) to the early and middle stages 
of the Pinedale Glaciation have an age of 14,000 to 13,000 years BP. 
14 They also suggest that on the basis of C  dates from bogs that the 
final Pleistocene glaciation began about 13,000 years BP.  Madole's 
(1976) work in the Colorado Front Range established that valley 
glaciers in that area had begun to recede from their terminal. — 
positions between 13,000 and 14,000 years BP.  Subsequent work by 
Madole (1980) indicates that the Pinedale Glaciation in this 
region ended prior to 11,000 years BP, with the last sequence of 
deglaciation occurring in 2,000 to 4,000 years. 
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Neoglaciation 
The evidence for neoglaciation in the Rocky Mountains exists 
as glacial deposits in or near the cirque heads of glaciated 
valleys (Mears, 1974).  Blackwelder did not include a description 
of glaciations younger than Pinedale age in his 1915 discussion 
of Rocky Mountain glacial deposits.  The terminology applied to 
these deposits is thus varied, and sometimes contradictory. 
Richmond (1940-1971) has proposed a neoglacial classifica- 
tion consisting of two Temple Lake advances ("a" and~"b") and a 
younger Gannet Peak advance. The "Altithermal Age", a climatic 
optimum at the end of the Pinedale, separates older glaciations 
from those of the Neoglacial period. 
This system is opposed by Birkeland and Miller (1973) and 
Miller and Birkeland (1974).  They propose the use of Temple Lake 
as originally described by Hack (1943) and used by Moss (1951) . 
Hack's model would assign the Temple Lake a late Pinedale, or 
pre-Altithermal age. 
Benedict (1973) has proposed a late Pinedale-Neoglacial model 
for the Colorado Front Range.  He proposes the Santana Peak 
advance as late Pinedale or pre-Altithermal, and three post- 
Altithermal glaciations; the Triple Lakes, Audubon, and the 
Arapaho Peak.  The Santana Peak glaciation may correlate with the 
Temple. Lake of Hack (1943) and Moss (1951) , and the Triple Lakes, 
Aububon, and Arapaho Peak with the three post-Altithermal stages of 
Richmond (1940-1971). 
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Quaternary Geology - Study Area and Adjacent Regions 
Until recently, the only references to the glacial geology 
of the study area were those made by workers primarily interested 
in the bedrock geology of the area.  Umpleby and others (1930) and 
Dover (1969) briefly discussed the glacial and glaciofluvial 
features of the region, but did not undertake any detailed mapping 
of the deposits, or attempt to establish a Quaternary stratigraphy 
for the area.  Dover and others (1976) differentiated unstratified 
glacial drift, terrace gravels, and lacustrine deposits in their 
map, but did not discuss a stratigraphy for these deposits or 
their correlation with the Rocky Mountain Glacial Model. 
The first detailed mapping of the glacial features of the 
North Fork-Summit Creek area was by Cotter (1980).  He recognized 
evidence of multiple glaciations, and developed a local strati- 
graphy and ice deployment patterns for the glacial deposits of the 
study area.  A diagrammatic reconstruction of ice positions at 
Bull Lake and Pinedale maximums are given as Figures 5 and 6, 
respectively. 
Other investigations of the Quaternary deposits in south- 
central Idaho encountered evidence of multiple glaciations.  Knoll 
(1973), working the Lemhi Range, and Williams/(1961), in the Stanley 
Basin, have both found evidence of two major periods of glaciation. . 
These events, correlated_Jbo—the—BulL-Xalie and Pinedale Glaeia-tions,— 
appear to have been compound events composed of several advances or 
still stands. 
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Fig. 5.  Diagrammatic reconstruction of ice positions 
at Kane ("Bull Lake") maximum.  Reconstructed 
from Cotter, 1980. 
25 
Fig. 6.  Diagrammatic reconstruction of ice positions 
at North Fork ("Pinedale") maximum.  Modified 
from Cotter,' 1980. 
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The work by Cotter (1980) and this author is part of a series 
of investigations of the glacial deposits of the area surrounding 
the headwaters of the Big Lost River conducted under the direction 
of Dr. Edward B. Evenson of Lehigh University (see Figure 7 for 
location).  Mapping in this area (Wigley, 1976; Evenson and others, 
1976; Stewart, 1977) has found evidence of multiple glaciations 
which have been correlated with the Rocky Mountain Glacial Model. 
Wigley (1976) and Stewart (1977) recognize two possible pre-Bull 
Lake events on the basis of terrace development.  Both report 
deposits correlative to the Bull Lake and Pinedale Glaciations of 
Wyoming.  Provenance studies (Pasquini, 1976; Pankos, 1980; and 
•Brugger, in prep.) have utilized boulder, pebble, and heavy mineral 
determinations in identifying the source areas of the region's 
glacial deposits.  Pasquini (1976) recognized five major source 
areas for the deposits of the Copper Basin, as well as evidence of 
divide crossing, up canyon flow of ice, and topographic control of 
ice flow.  Pankos {1980) has determined the provenance of the 
glaciofluvial deposits of the Copper Basin, Summit Creet, and 
Wildhorse Creek areas.  Brugger (in prep.) has identified two 
source areas for the glacial deposits of the Wildhorse Creek 
Canyon. 
A problem exists in applying the Rocky Mountain Glacial Model 
to work conducted in Idaho.  The model is based on type localities- 
in the Wind River Range of Wyoming, which have never been radio- 
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Pankos,!980 - Glaciofluvial deposits in all three study areos 
Cotter, 1980 
Repsher, this' study 
Stewort,l977 
Brugger, in prep 
Wigley, 1976 
Pasquini, 1976 
167km 
Fig. 7. Location of previous or current study areas in 
the Summit Creek, Wildhorse Canyon, and Copper 
Basin areas.  From Evenson and others, 1979. 
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metrically dated.  Since the deposits in the study area have also 
never been rad^ometrically dated, the primary bases for correla- 
tion between the Idaho and Wyoming glacial features are the posi- 
tion, morphology, and relative weathering characteristics of the 
deposits (Mears, 1974).  While this may serve as a foundation for 
placing the deposits in the same stratigraphic order, one must not 
assume that the sequences in Idaho and Wyoming are time-strati- 
graphically equivalent.  To assume this would imply that the con- 
ditions affecting glaciation were identical in distant regions. 
To completely abandon the terms used in the Rocky Mountain 
Glacial Model does not appear to be necessary, since the creation 
of local stratigraphy does not aid in the characterization of the 
is 
Idaho deposits, or alleviate the difficulty of distant correlation 
by morphology.  The stratigraphy for the study area must be 
correlated in some way to the Rocky Mountain Glacial Model before 
a common level for regional communication can exist. 
For the above reasons, in this study, the terms "Pinedale" and 
"Bull Lake" will be used in quotes When referring to deposits in 
Idaho morphologically and stratigraphically similar to deposits at 
the type localities in Wyoming. "This serves to indicate that the 
deposits in the study area are grossly similar to, and correlated 
by this author with, those at the type locality.  However, time 
equivalence to those type deposits is not inferred.' 
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Provenance 
Provenance, or the determination of sediment source areas, 
has been employed in the analysis of both lithified and uncon- 
solidated material.  As related to glacial sediment, provenance 
has been used since the early 1900's when Salisbury (1900) 
attempted to explain why""normal" tills appeared to be composed 
primarily of locally derived material.  Several standard methods 
of till provenance study have subsequently evolved. 
Pebble lithology determinations have been used by several 
authors as a basis for correlation and differentiation of tills 
(McClintock, 1933; Holmes, 1952; Anderson, 1955).  Krumbein (1933) 
plotted the percentage of differing lithologies in a pebble count 
versus distance from possible source to illustrate that the 
majority of pebbles in a till sample were derived from 24 to 48 km 
up glacier from their point of deposition. 
Heavy mineral analysis has similarly been used to determine the 
provenance of glacial drift, as well as to correlate and differenti- 
ate deposits.  White (1934) used heavy mineral _analysis to determine 
the location of the Wisconsinan-Illinoian drift boundary in central 
Ohio.  Derry (1933) recognized that although all- the heavy minerals 
found in the Pleistocene deposits near Toronto, Ontario had the same 
provenance, interglacial beds could be distinguished on the basis 
of the percentages of various heavy minerals found in each one. 
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Detailed study of the sedimentologic characteristics of heavy 
minerals has improved the results of provenance studies.  Investi- 
gations of the rates of weathering by Dryden and Dryden (1934), 
Goldich (1938) , and numerous other workers have established a gen- 
eral sequence of weathering for heavy minerals.  Dreimanis and 
Vagners (1971) introduced the concept of terminal grade, which is 
a characteristic minimum size to which a mineral will be comminuted 
by glacial action. 
. Glacial geologists have combined the use of heavy mineral and 
pebble lithology determinations in provenance studies.  Dreimanis 
and Reavely (1953) found that pebble lithology studies, combined 
with heavy mineral analysis were useful in their provenance deter- 
mination of tills along the north shore of Lake Erie.  Claque 
(1975) combined pebble and heavy mineral analysis to trace flow 
paths in alpine glaciated terrain. 
Boulder lithology determinations have also been used as indi- 
cators of provenance (Morrisey and Romer, 1973).  When combined 
with pebble lithology and heavy mineral analyses they may aid in 
discerning provenance differences in coarse-grained sediment. 
Provenance studies conducted in the areas surrounding the 
headwaters of the Big Lost River (Figure 7) have utilized, or 
are using all three techniques:  boulder, pebble, and heavy mineral 
determinations (Pasquini, 1976; Pankos, 1980; Brugger, in prep.). 
The results of these studies have indicated peculiarities in 
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glacial flow (or meltwater discharge) which might have gone un- 
noticed if investigation,of the area had been limited to field 
mapping (Evenson and others, 1979).  These findings include: 
1) up-canyon glacier flow, 2) divide crossing, 3) readvance of 
individual ice lobes creating "cross cutting relationships, 
4) ice rafting into ice-dammed marginal lakes, and 5) jokulhlaup 
activity (Evenson and others, 1979).  Evenson and others (1979) 
also suggest that till provenance studies may be applied to 
mineral "'exploration in areas of past or present alpine glaciation. 
They indicate that sampling conducted across an active or former 
glacier terminus would provide representative material from the 
glaciated area.  Using knowledge of glacial flow patterns, any 
indication of mineralization could then be traced to its approxi- 
mate source area. 
Method of Study 
The study consisted of both field and laboratory phases. 
Field work (July to September, 1978) involved field checking and 
extending the existing map (Cotter, 1980), conducting boulder 
lithology determinations, collecting pebbles for pebble lithology 
determinations, and till matrix for heavy mineral analysis. 
Sampling, the most time consuming aspect of the field work, en- 
tailed digging pits, approximately 25 cm wide and 40 cm deep, and 
procurring.100 pebbles (5-8 cm in the largest dimension) and 
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approximately 400 gm of till matrix.  Sample locations were 
generally located on the crests of moraines to avoid sampling 
more weathered, colluviated material.  The pits were located 
approximately 150 m apart, and dug below the level of the first 
soil color change.  The lithology of one-hundred boulders (> 15 cm 
in the largest dimension) within a 5 m radius of the sample site 
was identified.  All major moraines in the study area were sampled, 
and the sample locations are plotted in Plate 1. 
Till matrix samples were sealed in labeled plastic or canvas 
bags and transported to Lehigh University for study.  Pebbles were 
either identified in the field (cracked and identified with the 
aid of hand lens and acid bottle) or sealed in labeled plastic 
or canvas bags, transported to Lehigh, and identified there using 
the same procedure employed in the field.  Pebbles were identified 
as to rock type (volcanic, quartzite, quartz monzonite, argillite, 
etc.) and color.  Duplicate pebble lithology determinations were 
made at three sample sites (5-3, 12-8, and 26-2) to determine varia- 
tion within a given sample.  These lithology determinations are 
shown in Table 1, as are the standard deveiation values for each 
lithology type within the duplicate sample set.  In some cases, 
such as the black quartzite determinations for sample 12-8 
(standard deviation = 7) differences in values appear to be large. 
However, in all sample sets the three duplicate samples were con- 
sistantly grouped together by Q-mode factor analysis (Appendix IV;' 
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5-3 = 5-3, 5-4, 5-5; 12-8 = 12-8, 12-9, 12-10; 26-2 = 26-2, 26-3, 
26-4).  This indicates that differences of this magnitude are 
allowable for an investigation of this nature. 
On returning to the laboratory, the till matrix samples were 
subsampled using the pseudo-random sampling technique (Till, 1974). 
The entire sample was placed on a piece of static resistant paper, 
homogenized by mixing with a spatula, and formed into a circular 
shape of uniform thickness.  One quarter of this sample (approxi- 
mately 100 gm) was then removed for analysis, while the remaining 
material was stored.  The 100 gm subsample was dispersed (using 
Na(P0.)r) (Folk, 1968), treated with NaOCl to remove organic 
matter (Jackson, 1969), and seived to 10, 20, 30, and 40 fractions 
(Krumbein and PettiJohn, 1938). 
Heavy mineral separations were then made from a portion of 
the 30 fraction.following the procedure of Carson (1978, pers. 
comm.) which is described below.  Approximately 5 gm of the 30 
fraction was placed in a centrifuge tube.  The tube was then filled 
with tetrabroethane which had been adjusted to a specific gravity 
of 2.75 using dimethyl formide and capped.  The mineral-heavy 
liquid mixture was agitated by shaking and then placed in an ultra- 
sonic bath for 30 to 60 minutes.  After separation was complete, 
the darker heavy minerals resting on the bottom of the tube, and 
the lighter, light colored minerals floating at the top of the 
tube, the heavy minerals were withdrawn using a.syringe.  The heavy 
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minerals were placed in glass funnels lined with filter paper 
and washed with acetone until the liquid which drained from the 
minerals was clear, approximately 5 washings.  The sample was then 
allowed to air dry. 
The resulting separated minerals were then homogenized by 
stirring with a plastic spatula, and a small portion of the 
minerals mounted in Lakeside cement (R.I. = 1.54) on a petro- 
graphic glass slide.  A total of 400 grains were identified from 
each slide using the line method (Galehouse, 1971). 
After point counting, four slides were prepared for examina- 
tion using the Scanning Electron Microscope (SEM) with an Energy 
Dispersive X-Ray Analysis (EDAX) (Bassin, 1975).  The samples were 
prepared by lifting the glass cover slip from the slide, and 
polishing the surface to a level which contained the most opaque 
heavy minerals.  Unfortunately, three of these samples were 
rendered useless by cleaning with alcohol which blistered the 
surface.  One sample, however, was not cleaned, and this was used 
for analysis. 
37 
Results 
Introduction 
The purpose of this section is to review the results of the 
boulder lithology, pebble lithology, and heavy mineral determina- 
tions.  The significance of these results with respect to the 
glacial deposits of the study area will be discussed in €1 
following section (page 80). 
Boulder lithology determinations were made at 60 sample sites 
(Plate 1).  The results of these determinations are presented in 
Appendix I, Table 1.  The lithologies of 100 pebbles were identi- 
fied for 152 sample sites (Plate 1), and the resulting data is 
found in Appendix II.  In the case of both boulder and pebble 
lithology determinations, the presentation of the data has been 
simplified by grouping several lithologies recognized in the field 
under a general heading.  The term "metamorphics" includes amphi- 
bolite, phyllite, granitic gneiss, mafic-rich granite, and gneisses. 
"Volcanics" is used to describe volcanic rocks composed of white 
phenocrysts in various colored ground masses (red, green, black, 
gray, brown, and white).  All other rock types listed in the 
boulder and pebble determinations, such as quartz monzonite, black 
quartzite, or argillite, are recorded in the appendices as they 
were in the field. 
Heavy mineral determinations were made on samples from 70 
sample sites (Plate'1).  The data for these analyses is shown as 
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Tables 1 and 2 in Appendix III.  The raw data for these determina- 
tions is tabulated in Appendix III, Table 1.  Table 2 shows the 
results of recalculating the heavy mineral data following the 
method of Hubert (1971).  This is done by subtracting the opaques 
and micas from the total analysis and recalculating the remaining 
values to equal 100 percent.  This is done to give a more accurate 
representation of the data concerning the transparent minerals. 
Micas have specific gravities so close to that of the heavy liquids 
used that complete separation does not take place (Hubert, 1971). 
Due to the difference in specific gravities of transparent and 
opaque heavy minerals, the two types are not hydraulic equivalents, 
and should not be compared (Hubert, 1971). 
Boulder Provenance 
Boulder lithology determinations were made at sample sites 
concentrated in the central and lower Summit Creek Valley (Plate 1), 
since deposits in other portions of the study area had few or no 
clasts of boulder size.  It is speculated that few boulders were 
found "in terrain dominated by volcanics because this rock type is 
easily comminuted by glacial action and forms cobble size or smaller 
clasts.  In areas underlain by other rock types it was,noted that 
the boulders appeared to be concentrated in the-middle and lower 
Summit Creek Valley, in older moraines.  This suggests that the 
older, more extensive glaciations scoured the source canyons and 
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only smaller clasts were eroded by the younger, less extensive 
glaciations. 
Where sufficient boulders were present to allow a boulder 
provenance determination, black quartzite was eftco-untered in 59 
of the 60 samples, and ranged in amount from 2 to 49 percent 
(Appendix I).  The presence of black quartzite is attributed to 
the erosion of the Copper Basin Group.  This distribution aptly 
reflects the widespread outcrop of this rock type (Figure 3). 
Quartz monzonite and metamorphic boulders are also widely 
distributed, but are more discriminating indicators of provenance 
since each lithology is domirrant in a different portion of the 
study area (Figure 3).  Quartz monzonite boulders are abundant 
in the central Summit Creek Valley, approximately 1 km upstream 
from the confluence of Kane and Summit Creeks (Figure 8).  These 
boulders represent the erosion of quartz monzonite bodies which 
outcrop in the Summit Creek Valley, and along tributaries of Summit 
Creek (Figure 3).  In sample sites in this portion of the study 
area quartz monzonite boulders compose an average of 82 percent of 
the boulders present (Table 2).  Samples which have a predominance 
of quartz monzonite contain an average of 16 percent black quartzite 
and 2 percent argillite (Table 2).  Vein quartz, volcanics, white 
quartzite, and limestone are present in lesser amounts in the above 
mentioned samples (Table 2).  No metamorphic boulders are found in 
the central Summit Creek Valley. 
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TABLE 2 
AVERAGE BOULDER PROVENANCE IN THE SUMMIT AND KANE CREEK AREAS 
1 2 
Lithology      Summit' Creek Area      Kane Creek Area 
Quartz Monzonite 82% 0 
Metamorphics 0 73% 
Black Quartzite 16% 9% 
Argillite 2% 1% 
Vein Quartz <1% <1% 
White Quartzite <1% 15% 
Volcanics <1% 3% 
Limestone <1% 0 
Samples 4-1, -2, -3, -4, 5-1, -2, 6-1, -2, -3, -4, 7-1, -2, 
-3, 8-1, -2, -3, -4, -5, -6, -7, 9-1, -2, -3, -4, -5, -6, 
10-1, 11-1, -2, -3, -4, -5, 12-1, -2, -3, -4, -5, -7, -8, 
21-1, -2, -3. 
2 Samples 14-1, -2, -3, -4, -5, 20-1, -2, -3, -4, 22-1, -2, 
23-1, -2, -4, -5. 
<. 
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Metamorphic boulders are found in abundance near the mouth of 
Kane Creek (Figure 8), where they compose an average of 73 percent 
of all boulders (Table 2).  No quartz monzonite boulders are found 
in this area, reflecting the relatively minor amount of quartz 
monzonite found the Kane Creek source area.  Other lithologies 
present include an average of 15 percent white quartzite, 9 percent 
black quartzite, and lesser amounts of Volcanic clasts (Table 2). 
Argillite (18 percent) is found in only one sample, 14-2, from this 
area (Appendix I).  The metamorphic boulders are derived from the 
outcrop of the Wildhorse Gneiss Complex, which outcrops in the 
head of Kane Creek (Figure 3).  Although white quartzite is not 
confined to the Kane Creek area, its relative abundance in that 
portion of the study area suggests that its source is part of the 
Gneiss Complex. 
Two boulder determinations (22-3 and 22-6) from the north side 
of Summit Creek, near.the confluence of Summit and Kane Creeks 
(Figure 8), have both quartz monzonite and metamorphic clasts. 
These are the only two sample sites in which these two lithologies 
are found together. 
Pebble Provenance 
Pebble lithology determinations were made at 152 sites,through- 
out the study area (Plate 1).  Black quartzite (present at all 
sample sites) and argillite (present at all but two sites, 6-1 and 
20-6) are the most frequently encountered rock types found in the 
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pebble fraction (Appendix II).  As mentioned previously, the black 
quartzite is thought to represent contribution by the Copper Basin 
Group.  The argillite is attributed to the Phi Kappa and Trail 
Creek Formations as well as the undifferentiated Devonian and 
Silurian argillite associated with these formations.  The ubiquitous 
nature of these rock types in the pebble suite reflects the wide- 
spread distribution of bedrock of these lithologies (Figure 3). 
Quartz monzonite, metamorphic, gray quartzite, and volcanic 
clasts are the most useful indicators of pebble provenance.  Whereas 
black quartzite and argillite are widely scattered throughout the 
study area, the major outcrops of each of these lithologies are 
confined to different parts of the region (Figure 3).  Quartz mon- 
zonite is derived from a large pluton which outcrops in the Summit 
Creek area (Figure 3).  Metamorphic pebbles are contributed by the 
Wildhorse Gneiss Complex, and the volcanics by the Challis Volcanics. 
The large portion of the gray quartzite appears to represent con- 
tribution by the Wood River Formation, although other formations, 
such as the Copper Basin Group, may contribute gray quartzite. 
The central and upper Summit Creek Valley (Plate 2) is typified 
by an average of 52 percent black quartzite, 23 percent quartz 
monzonite, and 21 percent argillite (Table 3).  Other lithologies 
present in smaller amounts are:  volcanics, vein quartz, limestone, 
and white quartzite (Table 3).  Metamorphic pebbles are found in 
only two samples, 21-1 and 21-3, in amounts of 2 and 4 percent,' 
respectively (Appendix II). 
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As shown on Table 3 and Plate 3, the area in and around the 
mouth of Kane Creek is characterized by a pebble provenance com- 
posed of large amounts of black quartzite (average of 43 percent) 
and lesser amounts of argillite (average of 28 percent), meta- 
morphics (average of 10 percent), and volcanics (average of 8 
percent).  Other lithologies present include white quartzite and 
gray quartzite (Table 3).  Quartz monzonite is found in only one 
of the samples in this area, 28-5 (Appendix II) . 
The area adjacent to the confluence of the North Fork of the 
Big Lost River and Summit Creek (Plate 4) is also typified by 
large"amounts of black quartzite (average of 42 percent) and 
smaller quantities of argillite (average of 29 percent), as shown 
on Table 3.  Volcanics, however, average 17 percent and gray 
quartzite 4 percent (Table 3).  Where present, metamorphic clasts, 
quartz monzonite, and limestone are found in amounts of 4 percent 
or less (Appendix II). 
As seen in Plate 5 and Table 3, the Trail Creek and Park Creek 
drainages are characterized by black quartzite (average of 43 
percent), argillite (average of 30 percent), gray quartzite 
(average of 16 percent), and banded quartzite (average of 3 percent) 
Volcanics are present in only four samples from this area, 19-1, 
19-2,^19-3, and 19-4, and range in amount from 1 to 9 percent 
(Appendix II).  Vein quartz, white quartzite, and ortho quartzite 
are present in amounts of 3 percent or less (Appendix II). 
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Comparison of the average values of the pebble provenance from 
each of these four areas (Table 3) shows that each area has a 
distinctive pebble provenance.  All of the areas.have approximately 
the same average amount (42 to 52 percent) black quartzite and 
argillite (20 to 30 percent).  Quartz monzonite, however, is found 
in substantial quantities (23 percent) only in the central Summit 
Creek Valley.  The area in and near the mouth of Kane Creek appears 
to have significantly higher (10 percent) amounts of metamorphics 
than any of the other portions of the study area.  Volcanic clasts 
are more numerous (17 percent) in the region surrounding the con- 
fluence of Summit Creek and the North Fork of the Big Lost River. 
The highest concentrations of gray quartzite (16 percent) appears 
to be found in the Trail Creek and Park Creek area. 
By combining the provenance information from Plates 2 through 
5 the characterization of portions of the study area is illustrated 
(Figure 9) .'  This presentation shows the same trend as observed 
from Table 3.  The Summit Creek Valley is typified by 5 percent or 
more quartz monzonite, while the Kane Creek area is characterized 
by the presence of metamorphic clasts.  The area surrounding the 
North Fork of the Big Lost River contains a higher proportion of 
volcanic clasts (10 percent or more) than any other part of the 
study area.  The Trail Creek-Park Creek region is characterized by 
a relative abundance (10 percent or more) of gray quartzite. 
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Fig. 9.  Map showing areas typified by "indicator" 
pebble lithologies.  Individual, anomalous 
samples not shown. 
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Heavy Mineral Provenance 
Heavy mineral analyses were made on 70 samples taken from 
glacial deposits in all portions of the study area (Plate 1). 
Minerals, or groups of minerals, which appeared to have limited 
distributions were selected as indicators of provenance.  These 
include clinopyroxene plus hypersthene, hornblende, pink garnet, 
monazite, pennine,' and diopside.  The values for these minerals, 
taken from Appendix III', Table 2, have been plotted as 'figures 10 
through 15, and are discussed in the following sections. 
High values for clinopyroxene plus hypersthene are concen- 
trated primarily near the mouth of the North Fork of the Big Lost 
River.  A map showing contours of percent clinopyroxene plus hyper- 
sthene is presented as Figure 10.  Only samples (19-1, 22-3, 25-2, 
-3, 26-1, -2, 27-3, -5, 29-4, -6, and -7) with greater than 30 
percent clinopyroxene_plus hypersthene are shown on this figure. 
The proportion of clinopyroxene plus hyperstihene decreases from 
almost 90 percent in the North Fork Valley to less than 30 percent 
in the central Summit Creek Valley.  Samples 24-1 and 23-4 in the 
nearby Kane Creek area contain only 4 and 5 precent clinopyroxene 
plus hypersthene, respectively.  Locally, as much as -37 percent 
clinopyroxene plus hypersthene (sample 19-1) is found in the 
Trail Creek Valley. 
Clinopyroxene plus hypersthene appear to have been derived from 
the erosion of the Challis Volcanics.  The large amounts of these 
minerals in deposits in the North Fork Valley (Figure 10) reflect 
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Fig. 10.  The distribution of clinopyroxene plus hypersthene 
in the study area. 
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the extensive outcrops of the Challis Volcanics in this area 
(Figure 3).  The locally high amounts of clinopyroxene plus hyper- 
sthene observed in the Trail Creek Valley are attributed to erosion 
of nearby outcrops of the same lithology (Figure 3). 
Hornblende occurs in large concentrations in and around Kane 
Canyon.  Samples (11-5, 12-3, 12-6, 14-1, 14-4, 20-2, 20-3, 23-1, 
23-2, 23-4, 23-6, 24-1, 24-3, 24-5, 28-2, 28-5, 29-7, 30-2, 30-6, 
30-8, 31-2, 31-4, 33-3) having 30 percent or more hornblende are 
shown on Figure 11.  Although hornblende is found in many portions 
of the study area, only in this area is it found in such large 
(>30%) quantities.  The hornblende in this area is derived from 
erosion of the Wildhorse Gneiss Complex (Figure 3). 
Pink garnets are found exclusively in samples (23-6, 24-5, 
28-2, 30-6, 30-8, 31-4, 33-3) from the Kane Creek area (Figure 12). 
They are found in amounts ranging from 1 to 2 percent. The garnets 
are thought to be derived from the Wildhorse Gneiss Complex, and is 
considered to be an indicator of' Kane Creek origin. 
Monazite is found primarily in the central Summit Creek 
Valley (Figure 13);  The highest values for this mineral are 
found in the Summit Creek Valley, approximately 1 km upstream from 
the confluence of Summit and Kane Creeks (Figure 13c; samples 7-1, 
7-3, 8-1, 8-3, 8-7, 9-2, 11-3, 11-5, 12-3, 12-4, 12-6, 12-8, 14-1). 
In this area, monazite values range from 1 to 14 percent, with an 
average of 8 percent.  The amount of monazite present decreases in 
both the upstream (Figure 13b; samples 3-3, 4-1, 4-4, 9-6, 11-1, 
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Fig. 11.  The distribution of hornblende in the study area. 
Only samples containing more than 30% hornblende 
are shown. 
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Fig. 12.  The distribution of pink garnet in the study area. 
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Fig. 13.  The distribution of monazitl^in the study area V 
54 
s 
11-2, 21-1, 21-3) and downstream (Figure 13d; samples 22-3 and 
22-5) directions.  Monazite is also found in the lower Park Creek 
drainage (Figure 13a; samples 15-2, 16-1, 16-4).  This mineral 
does not occur ia deposits in the North Fork Valley or in and 
around the Kane Canyon area (with the exception of 14-1, 1 percent 
monazite).  Due to. its limited distribution, the monazite is 
thought to have been derived from the quartz monzonite intrusives 
found in the Summit Creek and tributary valleys (Figure 3). 
The largest concentrations of pennine occur in the central 
and upper Summit Creek Valley (Figure 14a,b,c, and d; samples 2-1, 
3-3, 4-1, 4-4, 7-1, 7-3, 8-1, 8-3, 8-5, 8-7, 9-6, 11-1, 11-2, 11-3, 
12-3, 12-6, 12-8, 22-5, 30-10) and the upper Trail Creek drainage 
(Figure 14f; samples 19-1 and 19-2).  It is also found in the upper 
portion of the North Fork Valley (Figure 14e; sample  31-12). 
Pennine occurs in amounts of only 1 to 2 percent in the lower North 
Fork Valley and in the are in and near Kane Creek Canyon.  The 
occurrance of increased amounts of pennine appears to be associated 
with the outcrops of the undifferentiated Devonian and Silurian 
argillites associated with the Trail Creek and Phi Kappa Formations 
(Figure 3). 
Although the presence of diopside is not limited to the Trail 
Creek and Park Creek drainages, increased amounts of this mineral 
are found in these areas.  Diopside values which are 30 percent or 
more (samples 10-1, 15-2, 16-1, -4, -6, 18-2, -3, -6, 19-3, 21-3) 
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Fig. T4~.     The distribution of pennine in the study-area. 
Only samples containing greater than 10% pennine 
are shown. 
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Fig. '15.  The distribution of diopside in the study area. 
Only samples containing greater than or equal 
to 30% are shown. 
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are plotted on Figure 15.  In other portions of the study area 
diopside concentrations rarely exceed 20 percent.  The large 
amount of diopside is contributed by the Wood River Formation, 
although the occurrance of this mineral is probably not limited 
to that formation. 
Compilation of the data shown in figures 10 through 15 
(Figure 16) shows that each of the major valleys in the study 
area is characterized by a unique indicator heavy mineral or com- 
bination of indicator heavy minerals.  The Summit Creek Valley is 
typified by ths presence of monazite and p'ennine in amounts of 10 
percent or more.  The presence of garnet combined with 30 percent 
or more hornblende characterizes the Kane Creek Valley.  The 
deposits in the lower North Fork Valley contain 30 percent or more 
clinopyroxene plus hypersthene, while those of the Trail Creek 
drainage contain 30 percent or more diopside.  These distributions 
are used as indicators of provenance,, and will be combined with the 
results of the boulder and pebble lithology determinations to 
determine source areas for the glacial deposits of the study area* 
Factor Analysis 
Q and R mode analysis were performed on the data derived from 
the pebble and heavy mineral determinations.  The purpose of employ- 
ing factor analysis was to utilize the effects of all variables 
simultaneously in the comparison of samples with one another.  Q 
mode factor analysis is concerned directly with the inter-relation- 
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Fig. 16.  Map showing areas typified by "indicator" heavy 
minerals.  Individual, anomalous samples are not 
included. 
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ships between samples as derived from a matrix of similarities 
calculated from the values of each variable for each sample 
(Davis, 1973).  R mode factor analysis, on the other hand, is 
concerned with the inter-relationships between variables, seeking 
to find underlying linear combinations of variables the factors  
that can account for the major portion of the variance in the ob- 
served data (Davis, 1973).  These factors, as-new uncorrelated 
variables, may be used to calculate factor scores for each sample, 
which may then be used as a basis for classifying the samples into 
an unknown number of similar categories by cluster analysis (Parks, 
1966). 
The pebble determination observations consisted of 152 sainples 
with 12 measurements (pebble.lithologies in percent) per sample 
(Appendix IV).  A Q mode factor analysis of the pebble data was 
performed in two runs, since the available program was not designed 
to evaluate more than 100 samples per run.  Four factors were 
extracted from the pebble data matrix which accounted for 61 percent 
of the total variance of the first run, and 77 percent for the . 
second.  On the basis of their factor loadings, samples were 
classified into' one of four groups.  A sample was included with the 
group in which its factor score was the greatest.  Samples in group 
1 (most heavily loaded on factor 1) are concentrated in the drain- 
age of the North Fork of the Big Lost River, around the mouth of 
the river, and on the south side of the lower Summit Creek Valley 
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(Figure 17).  Samples most heavily loaded on factor 2 are located 
in the lower Summit Creek Valley (Figure 18), while those most 
heavily loaded on factor 3 are found primarily in the Trail Creek 
area (Figure 19).  Samples from the Kane Creek Canyon and surround- 
ing areas were loaded on factor 4 (Figure 20).  Figure 21 shows a 
generalized compilation of the results of the Q mode pebble 
analysis. 
A Q  mode factor analysis was performed on the heavy mineral 
determinations (Appendix V).  Four factors were extracted which 
accounted for 62 percent of the total variance.  As with the factor 
analysis of the pebble determination data, samples were grouped on 
the basis of their largest factor loading.  The first group (most 
heavily loaded on factor 1) is found in the Kane Canyon area 
(Figure 22).  Samples most heavily loaded on factor 2 were concen- 
trated in the lower Summit Creek Valley, with a few scattered in 
the North Fork area (Figure 23).  Samples in group 3 are located in 
the vicinity of the mouth of the North Fork of the Big Lost River 
(Figure 24).  The fourth and last group was concentrated primarily 
in the Trail Creek area (Figure 25).  The detailed information 
, presented in figures 22 through 25 is compiled in a generalized 
fashion in Figure 26. 
Comparison of the Q mode factor analyses of the pebble data 
(Figure 21) and the heavy mineral data (Figure 26) shows a great 
deal of similarity. "In both analyses, the factors defined areas 
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Fig. 17.  Location of samples assigned to Factor 1 
by Q mode factor analysis of pebble data. 
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Fig. 18.  Location of samples assigned to Factor 2 
by Q mode factor analysis of pebble data. 
63 
Sl-» 
v-i 
"~2^> / 
25T1 A 
CXf-6 
l»-3 
Fig. 19.  Location of samples assigned to Factor 3 
by Q mode factor analysis of pebble data. 
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Fig. 20.  Location of samples assigned to Factor 4 
by Q mode factor analysis of pebble data. 
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Fig. 21. Map showing portions of study area typified by 
factors generated by Q mode factor analysis of 
pebble data. 
66 
Fig. 22.  Location of samples assigned to Factor 1 by 
Q mode factor analysis of heavy mineral data. 
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Fig. 23.  Location of samples assigned to Factor 2 by 
Q mode factor analysis of heavy mineral data, 
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Fig. 24.  Location of samples assigned to Factor 3 by 
Q mode factor analysis of heavy mineral data. 
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Fig. 25.  Location of samples assigned to Factor 4 by 
 ; Q mode factor analysis jsfVheavy mineral data. 
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Pig. 26. Map showing portions of study area typified by 
factors generated by Q mode factor analysis of 
heavy mineral data. 
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that are roughly equivalent from the pebble to the mineral 
analysis.  The primary difference, however, is in the characteri- 
zation of the area to the east of Kane Creek in the lower Summit 
Creek Valley.  In the analysis of heavy mineral data, the samples 
in that area are grouped with those of the Kane Creek drainage. 
In the pebble result analysis these samples are grouped with those 
found near the mouth of the North Fork of the Big Lost River. 
An R mode factor analysis -was performed on the heavy mineral 
data (eleven minerals per.sample, 70 samples) (Appendix VI).  Six 
factors were extracted which accounted for 85 percent of the 
variance.  Factor scores on samples from this analysis were then 
subjected to a Q mode cluster analysis, which groups samples in a 
heirarchical fashion on the basis of similarity of their factor 
scores (Parks, 1966).  Clusters of samples (Appendix VII) have been 
given alphabetical codes to indicate each group.  Samples assigned 
to each group are plotted by location and code in figures 27 through 
30. 
Although the clusters are not as concise as the groups gener- 
ated by Q  mode^factor analysis; of the same data, similar trends are 
observed.  The samples located near the mouth of the North Fork of 
the Big Lost River are grouped together (cluster A) (Figure 27). 
The samples from Kane Canyon and near the mouth of Kane Creek are 
dominated by another group (H), with the addition of a smaller group 
(I) (Figure 28).  The Summit Creek Valley samples are composed 
primarily of clusters B and C, with a few samples assigned to 
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'Fig. 27.  Location of samples assigned to cluster A by 
Q mode cluster analysis of heavy mineral data. 
73 
Fig. 28.  Location of samples assigned to clusters H and I 
by Q mode cluster analysis of heavy mineral data. 
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Fig. 29.  Location of samples assigned to clusters B, C, 
and G by Q mode cluster analysis of heavy 
mineral data. 
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Fig. 30.  Location of samples assigned to clusters D, E, and 
F by Q mode cluster analysis of heavy mineral data. 
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Fig. 31. Map showing portions of study area typified by 
clusters generated by Q mode cluster analysis 
of heavy mineral data. 
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cluster D (Figure 29).  Group D, however, more accurately 
typifies the Trail Creek drainage and the upper region of the 
North Fork of the Big Lost River, with the addition of samlpes 
from groups E and F (Figure 30).  A generalized map showing a 
compilation of the above data is included as Figure 31. 
SEM and Energy Dispersive X-^Ray Analysis 
Fifteen grains, from the heavy mineral separates of sample 
21-1 (Phi Kappa Canyon) were examined using the scanning electron 
microscope (SEM) and energy dispersive X-ray analysis.  A variety 
of silicates were encountered, as well as iron sulfides and oxides. 
The results of this work appear in Table 4. 
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TABLE 4 
ELEMENTS IDENTIFIED (EDAX) 
IN EACH GRAIN ANALYZED 
1. Fe-S 
2. Fe-O-P 
3. Fe-Mg-Si-Al-Ca 
4. Si-Al 
5. Ca-Al-Fe-Si 
6. Ca-0 
7. Ca-Si-Al-Ti-Fe 
8. Na-Cl-Fe 
9. Ti-Ca-K-S-Al-Si 
10. Si-P-K-S-Al-Si 
11. Ca-K-Cl-Si 
12. Si-Ca-Cl-K 
13. Ti-Si-Fe 
14. Si-Al-K-Fe 
15. Fe-Mg-Si 
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Discussion 
Provenance 
Cotter (1980) recognized three major valley glaciers in the 
study area:  the Summit Creek lobe, the Kane Creek lobe, and the 
North Fork lobe (see Figure 32).  Extension of his study area and 
mapping in the course of this study has added a fourth, the Trail 
Creek lobe (Figure 32).  Four till suites, each unique to a 
particular lobe, were identified on the basis of the results of 
the boulder, pebble, and heavy mineral determinations. 
Till of the Summit Creek lobe (Figure 32) is characterized by 
an abundance of quartz monzonite boulders and pebbles, quartz 
monzonite being more abundant than metamorphics plus volcanics 
(Figures 8 and 9), the presence of monazite (Figure 13), and 
increased (greater than 10 percent) amounts of pennine (Figure 14). 
The quartz monzonite, which contributes the monazite, outcrops 
extensively only in the central Summit Creek Valley (Figures 3 and 
32).  The presence of the pennine is attributed .to the erosion of 
the undifferentiated argillites associated with the Trail Creek 
and Phi Kappa Formations.  This rock type has a large outcrop area 
in the Summit Creek Valley, near the head of Summit Creek and a 
less extensive outcrop in the central North Fork-Valley (Figures 
3 and 32).  The Summit Creek Valley is, therefore, the only 
locality which could contribute sizeable amounts of quartz mon- 
zonite clasts, and pennine and monazite.  Quartz monzonite indica- 
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tors are not present in samples from the upper Summit Creek Valley 
(Plate 2), since the quartz monzonite bodies outcrop 4 km below 
the head of the stream (Figure 3 and 32) . 
Till of the Kane Creek lobe is typified by lithologies, and 
minerals associated with the Precambrian Gneiss Complex (Figures 
3 and 32).  Grouped under the term "metamorphics", these rock types 
include amphibolite, granitic gneiss, phyllite, mafic-rich granite, 
and gneisses (Figures 8 and 9).  Indicator minerals derived from 
the Wildhorse'Gneiss Complex are hornblende (Figure 11) and pink 
garnet (Figure 12).  The only large outcrop of the Gneiss complex 
within the study area is at the head of Kane Creek (Figures. 3 and 
32). • Kane^Cr'eek, therefore, is considered to be the only major 
source for metamorphic clasts and pink garnets, as well as 
increased amounts (greater than 30 percent) of hornblende. 
Till sourced in drainage of the North Fork of the Big Lost 
'River is characterized by more.than 10 percent volcanics in the 
pebble fraction (Figure 9) and increased (greater than 30 percent) 
amounts of clinopyroxene plus hypersthene (Figure 10).  The source 
of these clasts and minerals is the Challis Volcanics which outcrop 
in a large portion of the North Fork Valley (Figure 3 and 32). 
Although volcanics are not restricted to the North Fork Valley, 
the large quantities of volcanic clasts and minerals serve to 
identify deposits from this source.  The presence of 1 to 2 percent 
quartz monzonite in deposits having an otherwise North Fork pro- 
venance suggest the existance of an unmapped quartz monzonite body 
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within the North Fork Valley.  A similar explanation is required 
in the case of samples containing 1 to 2 percent metamorphics in an 
otherwise characteristic North Fork assemblage.  Deposits in the 
upper portion of the North Fork drainage do not exhibit the in- 
creased amounts of characteristic minerals (clinopyroxene plus 
hypersthene) found lower in the valley.  However, volcanic clasts 
are found in samples in this area. 
Till of the Trail Creek lobe is characterized by clastic 
lithologies of the Wood River, Trail Creek, and Phi Kappa Forma- 
tions and the Copper Basin Group.  Of these, the most diagnostic 
lithologies are clasts of gray and banded quartzite, thought to be 
contributed by the Wood River Formation (Figure 32).  An increase 
in the amount of diopside (greater than 30 percent) is the only 
distinctive heavy mineral (Figure 15).  The presence of this mineral 
in increased quantities is'attributed, to the erosion of the Wood 
River Formation.  This rock type, which has extensive outcrops in 
the Trail Creek area is, .therefore, thought to be the source for 
these indicators (Figure 32). \ 
The results of the Q mode factor analysis distinguished four 
major source areas which coincide with those described above (see 
Figure 21 and 26).  The results of R mode factor analysis and 
cluster analysis were not as clear, but again pointed to four main 
source areas (Figure 31).  Factor analysis can be used to determine 
provenance with each factor, or group of closely related factors, 
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denoting a source, or to help group samples or deposits which 
appear to be in an area of questionable source, as will be dis- 
cussed in the following section.  Care must be taken in inter- 
preting the mathematical relationships generated by factor 
analysis as geological relationships.  Geologically significant 
influences, such as feasible ice flow paths and local topography 
are not included in the mathematical treatment of the data.  For 
this reason a mathematically sound grouping may prove geologically 
unworkable. 
Glacial History 
Deposits referred to in the following sections are illustrated 
in Plates 1 (which shows sample locations) and 6 (which shows the 
overall glacial geology of the study area. 
"Pre-Bull Lake" Deposits 
Stewart (1977) and Wigley (1976), working in intermountain 
basins adjacent to the study area (Figure 7), have interpreted 
elevated gravel terraces as evidence of Pre-Bull Lake glaciation. 
v.   * 
No evidence for deposits correlative to these have been found in 
the Summit Creek-Trail- Creek-North Fork of the Big Lost River 
drainages in Cotter's (1980) mapping of the area, or in the course 
of the current study.  As suggested by Cotter (1980), the constricted 
nature of the valley, as compared to the areas studied by Stewart 
(1977) and Wigley (1976), facilitates more rapid drosive activity 
which would destroy or.bury deposits of this early stage. 
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"Bull Lake" Deposits \ 
"Bull Lake" deposits (Kane Canyon of Cotter, 1980) are con- 
fined to the "'lower portion of the Summit Creek Valley (Plate 1) . 
These deposits are present as tills and are generally found posi- 
tioned at higher elevations than other features.  For this reason, 
the "Bull Lake" glaciation is thought to have been the most exten- 
sive in the study area (Cotter, 1980). •■ 
The "Bull Lake" moraines are dissected and discontinuous. 
Although they lack some of the criteria (i.e.; weathered boulders, 
farthest downstream position) established for the classical Bull 
Lake deposits, the subdued surface morphology and weathered appear- 
ance characterize them as the "oldest" of the glacial deposits in 
the area (Cotter, 1980). 
Within the study area, "Bull Lake" (Kane Canyon of Cotter, 
1980) deposits are present primarily along the sides of the lower 
Summit Creek Valley walls (moraines A, and A_ on Plate 1).  Cotter 
(1980) also assigned the elongate moraine in the central portion of 
the lower Summit Creek Valley (moraine B.. on Plate 1) to the "Bull 
Lake" (his Kane Canyon).  The author disagrees with this age assign- 
ment for reasons discussed later (see p. 95 ) . 
One of the valley wall deposits (moraine A., on Plate 1) is a 
discontinuous, dissected moraine found along the' southeastern side 
of the Summit Creek Valley, to the east of the mouth of Kane Canyon.- 
The position of moraine A approximates the 2182 m contour line for 
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a distance of approximately 1.5 km.  Cotter (1980) interprets this 
moraine to be a lateral moraine deposited by ice flowing out of 
Kane Canyon, and then moving down the Summit Creek Valley under 
the influence of contact with the Summit Creek lobe and/or the ice 
flowing from the valley of the North Fork of the Big Lost River. 
The provenance of this moraine (samples 30-1, -2, -3,-4, -5, 
-6, -7, -8, 31-1, -2) is not clear cut.  No clasts of boulder size 
were observed.  The pebble fraction has more volcanic- clasts 
(average of 15 percent) than metamorphic clasts (average of 4 
percent).  The presence of volcanic pebbles is usually interpreted 
in the study area to indicate a North Fork source, while the meta-. 
morphic clasts represent a contribution from the Kane Creek area. 
No quartz monzonite, indicative of a Summit Creek contribution, is 
present.  Gray quartzite, associated primarily with deposits of 
Trail Creek origin, is present only in one sample, 31-2 (2 percent). 
This suggests that the gray quartzite is contributed by a small 
outcrop in the Kane Creek area, rather than a Trail Creek source. 
The Q mode factor analysis of the pebble data groups samples 30-1, 
-2, -4, -5, -6, -7, 21-1, and -2 of this deposit with those of the 
North Fork deposits, with the exception of one sample, 30-3, which 
was grouped with the Trail Creek samples (Figure 17).  Based on the 
position and orientation of this moraine, the Trail Creek grouping 
-does^no'^appea-r--to~be--a-'geoiogiealiy--rea-sonabie—one^. Hrdrs~un±rke"ly~ 
that Trail Creek "material from a tributary glacier on the north 
side of the valley would be found on.the south side of the valley. . 
"   ''"'" 
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The heavy mineral determinations, 30-2, -6, -8, and 31-2 indicate 
a Kane Canyon source.  Hornblende, which in amounts of 30 percent 
or more indicates a Kane Canyon source, dominates the heavy mineral 
determinations (average of 52 percent), while-clinopyroxene plus 
hypersthene, indicative of a North Fork source when present in 
amounts of 30 percent or more, averages only 3 percent.  Diopside 
is present as an average of 10 percent, much decreased from the 
values in excess of 30 percent found in the Trail Creek deposits. . 
Pink garnet, observed only in deposits in the Kane Canyon area, is 
C. - 
present in amounts of 1 percent (samples 30-2, -6,' -8).  The Q mode 
factor analysis of the heavy mineral data correctly grouped these 
samples (30-2, -6, -8, and 31-2) with those of the Kane Creek area 
(Figure 22).  The cluster analysis, based on R mode factor analysis 
of heavy mineral determinations, groups three of the samples (30-2, 
-6, -8) with those of Kane Canyon (Figure 28), and one (31-2) with 
the North Fork deposits (Figure 27). 
Two possible interpretations of the data exist.  One hypothesis 
is that the North Fork lobe (source of much of the volcanic clasts 
found in this moraine) crossed the Summit Creek Valley and deposited 
this moraine as a terminal moraine (Hypothesis 1, Figure 33A).  The 
presence of pebbles (metamorphics)- and minerals (hornblende and pink 
garnet) having a Kane Creek provenance would then be explained by 
-the—incorporation-of—Kane G-reek—outwash—by—the -North- Fork lobe-.  — 
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Fig. 33.  Diagrams showing two ice positions which could be 
responsible for the formation of moraine A . 
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An alternative hypothesis and the one favored by this author, 
based on the bedrock geology of the Kane Canyon area (Figure 3), 
is that this feature is a lateral moraine deposited by the Kane 
Creek glacier, as originally suggested by Cotter (1980) (Hypothesis 
2, Figure 33B).  The moraine, is situated to the east of Kane 
Canyon, and therefore it is expected that its till composition 
should reflect the bedrock geology of the eastern portion of the 
souce area (Kane Canyon).  This is in fact the case°as metamorphic 
rocks outcrop in the head of Kane Canyon (Figures 3 and 32), pro- 
viding the metamorphic clasts and the hornblende and pink garnet 
observed in the pebble fraction and till matrix.  The volcanic 
pebbles could have been contributed by a tributary glacier to the 
Kane Canyon lobe, which flowed from the Little Kane Creek Valley., 
This area is dominated by outcrops of the Challis Volcanics (Figure 
3).  The small amounts of clinopyroxene plus hypersthene, minerals 
associated with the Challis Volcanics, observed in the heavy mineral 
determinations suggests that the transport distance from the out- 
crop to site of deposition was not far enough to allow commimution 
of the volcanic rock to individual grains.  In comparison, hornblende 
and pink garnet were derived from the head of the canyon and ex- 
perienced a transport distance twice that of the Little Kane Creek 
material.  This distance was apparently long enough to allow more 
complete comminution of the source material. 
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The second of the two above hypotheses (Kane Creek source) 
clearly seems to be the more plausible.  For the North Fork lobe 
to overrun the Summit Creek Valley, and butt against the.opposite 
valley wall (Hypothesis 1, Figure 33). would imply little or no 
influence by the Summit and Kane Creek lobes.  If conditions in 
the study area were favorable for accumulation of the North Fork 
lobe, similar conditions would probably prevail in the source areas 
of the other lobes.  Any extension of .the North Fork lobe would 
probably be mirrored by the Summit and Kane Creek lobes, which 
would have then influenced the direction of flow of the North Fork 
lobe. 
Another "Bull Lake" deposit (moraine A_, Plate 1) is located 
on the opposite side of the valley, to the southwest-of the mouth 
of the North Fork of the Big Lost River.  This deposit, an exten- 
sion of a smaller feature mapped by Cotter (1980) is characterized 
by' subdued surficial morphology and is positioned along the 2182 m. 
contour line on this side of the valley.  Because of the similarity 
in elevation and the subdued morphology of moraines A., and A_, they 
are thought to have been deposited during the same glaciation 
("Bull Lake"). 
Although its position suggests that this moraine is a lateral 
moraine formed by the Summit Creek lobe, the provenance information 
(samples 22-3, -4,-5, -6) does not support this interpretation. 
The boulder determination at sample 22-3 is composed of 41 percent 
metamorphics, 5 percent quartz monzonite, and 1 percent volcanics, 
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indicating a Kane or combined Kane and Summit Creek source.  Pebble 
counts in three cases contain volcanics and metamorphics (22-3, 
5 percent volcanics, 4 percent metamorphics; 22-4, 7 percent 
volcanics, 1 percent metamorphics; 22-5, 5 percent volcanics, 2 
percent metamorphics) indicating a North Fork or North Fork and 
Kane Creek source.  Quartz monzonite, usually indicative of a 
Summit Creek source, occurs in two samples (22-5, 4 percent and 
22-6, 2 percent).  Gray quartzite is found in samples 22-5 and 22-6 
in amounts of 6 and 4 percent, respectively.  These clasts may 
represent a Trail Creek source, but probably indicate an outcrop 
of a similar rock type nearby.  However, none of the indicators 
(metamorphics, volcanics, quartz monzonite, or gray quartzite) are 
present in large amounts in any of the samples.  Both heavy mineral 
samples (22-3 and 22-5) contained monazite, a Summit Creek indi- 
cator, in amounts of 7 and 3 percent, respectively.  Clinopyroxene 
plus hypersthene, an indicator of contribution by the Challis 
Volcanics and therefore a North Fork source, is present in 
significant amounts (46 percent) in sample 22-3, while in sample 
22-5 it contributes only 4 percent of the total analysis.  Pink 
garnet is absent, and hornblende present in decreased amounts 
(19 and 13 percent), thus indicating little heavy mineral contri- 
bution from the Kane Creek source.  Diopside is present in 
decreased amounts (12 and 18 percent) as compared to the high 
values (30 percent or more) found in the Trail Creek area.  On 
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the basis of the above information, this deposit contains material 
from more than one source.  The boulder determinations suggest a 
Kane and Summit Creek origin, while the heavy mineral data suggests 
contributions by the Summit Creek and North Fork sources.  The 
pebble fraction contains too few indicators of each source area to 
make a valid judgment except that the deposit is composed of 
material from more than one source, probably from Kane, North 
Fork, and Summit areas. 
Q mode factor analysis of the pebble data grouped all samples 
(22-3, -4, -5, -6) from this moraine with those of the Trail Creek 
drainage (Figure 19).  Q mode factor analysis of the heavy mineral 
data grouped one sample, 22-5, with the Summit Creek deposits 
(Figure 23), and the other, 22-3, with the North Fork deposits 
(Figure 24), as did the cluster analysis (Figures 27 and 29).  It 
is unlikely that Trail Creek material would be in a lateral 
position this far down valley, after the addition of several 
tributary glaciers.  These-groupings of material from this moraine, 
with deposits in the Trail Creek drainage, appears to be geologically 
unworkable.  The proximity of the Summit Creek and North Fork 
« 
sources suggests that the grouping of one heavy mineral sample, 
22-5, with the Summit Creek source, and the other, 22-3, with the 
North Fork source may be valid if the moraine was formed by multiple 
lobes. 
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The provenance data and the proximity of the moraine to the 
North Fork area suggests that this irroraine^^simultaneously occupied 
a lateral position to both the Summit Creek and North Fork lobes 
and received material from both sources (Hypothesis 1, Figure 34). 
The presence of quartz" monzonite clasts and monazite along the 
west 2/3 of the moraine support a Summit Creek contribution, while 
the occurrence of clinopyroxene plus hypersthene and volcanic 
pebbles near the east end is indicative of a North. Fork source. 
The origin of the metamorphic boulders and pebbles, however, pre- 
sent a dilemma.  The only mapped source for metamorphic clasts or 
minerals is the head of Kane Canyon.  Therefore, the presence of 
metamorphic clasts indicates contribution from the Kane Creek 
source.  This necessitates the Kane Creek lobe crossing the Summit 
Creek Valley and coming in contact with this deposit (Hypothesis 2, 
Figure 34).  A scenario allowing this would have the Summit Creek 
and North Fork lobes retreating while' the Kane Creek lobe con- 
tinued to advance.  As indicated previously (p. 87 ), the possi- 
bility of one glacier advancing while the others retreat would 
require different conditions in a relatively small area, and is 
considered an unlikely event. 
The only other alternative mode of formation for this deposit 
maintains the contribution by the Summit Creek and North Fork 
sources (Hypothesis i, Figure 34) , and requires the -source- of- the 
metamorphic clasts to be an unmapped outcrop in the North Fork 
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Fig. 34.  Diagrams showing two ice positions which could be 
 reSpons±ble~~for~the~forma"tion "ot moraine"AT^ 
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and/or Summit Creek Valley.  Metamorphic clasts are found locally 
in both areas in small amounts.  Samples 21-1 and 21-3, from the 
Summit Creek area, contain 2 and 4 percent metamorphics, respec- 
tively.  In the upper North Fork Valley, samples 31-8 and 31-9 
contain 2 and 1 percent metamorphics, respectively.  In all cases, 
a Kane Creek source for these clasts. is highly unlikely.  There- 
fore, contribution of the metamorphic clasts by the Summit Creek 
and/or North Fork lobe is possible.  The large percentage of meta- 
morphic boulders (41 percent) noted at sample 22-3 may be an arti- 
fact of this rock type resisting erosion to a greater degree than 
quartz monzonite or volcanic rocks. 
The moraine in the center of the lower Summit Creek Valley 
opposite the mouth of the North Fork (moraine B.. , Plate 1) of the 
Big Lost River is assigned by Cotter (1980) to the Kane Canyon 
("Bull Lake" of this study) on the basis of soil characteristics 
and its spatial relationship to the surrounding Quaternary 
deposits.  Cotter interpreted this moraine as a "Bull Lake" (his 
Kane Canyon Glaciation) medial moraine formed by the coalescing 
of two or three of the main valley glaciers in the area (Summit 
Creek, Kane Creek, and North Fork lobes).  This interpretation 
(Hypothesis 1, Figure 35) is logical, but not the only one 
applicable to this deposit. 
Provenance studies on the till of this moraine (samples 29-2, 
-4, -5, -6, -7) suggest two sources for this deposit, Kane and 
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Fig. 35.  Diagrams showing two ice positions which could be 
responsible for the formation of moraine B.. . / 
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North Fork, although indicators of a North Fork source are more 
prevalent.  Pebble determinations (29-2, -4, -5, -6) show an 
average of 20 percent volcanics, indicative of a North Fork 
source.  Metamorphic clasts, which average 3 percent, are found 
in samples 29-4, -5, and -6, and may represent a Kane Creek 
contribution, or the incorporation of older outwash in the till, 
or contribution by the previously mentioned unmapped metamorphic 
source in the North Fork Valley.  Two percent quartz monzonite is 
present in two samples, 29-5 and 29-6.  This is interpreted as 
the incorporation of older Summit Creek outwash in the till, or 
quartz monzonite from the previously mentioned source in the North 
Fork drainage.  No gray quartzite is present in any samples from 
this deposit,- indicating no Trail Creek contribution.  Q mode 
factor analysis of the pebble data grouped all samples (29-2, -4, 
-5, -6) in this moraine with those of the North Fork area (Figure 
17).  Heavy mineral analysis (29-4, -5, -6, -7) yields averages 
of 42 percent clinopyroxene plus hypersthene, 25 percent hornblende, 
17 percent diopside, no monazite, and no pink garnet.  Although not 
as high as found in samples near the mouth of the North Fork of the 
Big Lost River, the clinopyroxene plus hypersthene dominates the 
heavy mineral determinations, and suggests a North Fork source for 
this deposit.  The hornblende content, average of 25 percent, is 
lower than values found in the Kane Creek area, but. higher than in 
^ other portions of the study area, indicating a possible Kane Creek 
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contribution or the incorporation of older outwash of Kane Creek 
origin in the till.  The absence of monazite and low diopside 
values (average of 17 percent) suggest no contributions by the 
Summit or Trail Creek lobes. Q  mode factor analysis of the heavy 
mineral determinations grouped three of the heavy mineral samples 
(29-4, -5, -6) with the North Fork deposits (Figure 24), and one 
(29-7) with those of the Kane Creek area (Figure 22).  Cluster 
analysis grouped all of the heavy mineral samples from this 
deposit with the North Fork deposits (Figure 27). 
The provenance data can be interpreted (as was done by Cotter, 
1980) to indicate a "medial origin" for this moraine (Hypothesis 1, 
Figure 35), thereby explaining material from the Summit Creek, Kane 
Creek, and North Fork lobes with the North Fork lobe having the 
greatest contribution.  These results can also be used, however, 
to support the formation of the features as a terminal moraine of 
the North Fork lobe during early "Pinedale" time, which incorporated 
older till and outwash of the Summit and Kane Creek lobes as "it 
advanced into the valley (Hypothesis 2, Figure 35). * The location 
of this moraine can support either hypotheses.  Statements suppor- 
tive of a "medial moraine origin" are presented by Cotter (1980). 
They include position of the moraine, the elevation of its crest, 
the size of the feature, the lack of lacustrine deposits to the 
west of the moraine7-and -the characteristics—of the soil-developed 
on the till.  Evidence, along with that presented above, for an 
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alternative mode of formation, that of a North Fork lobe terminal 
moraine, is summarized below: 
1. The attitude of the moraine allows reconstruction 
to join it with the outermost North Fork deposit 
of "Pinedale 1" or North Fork (after Cotter, 
1980) age (moraine B , Plate 1, Figure 35). 
This reconstruction takes on the lobate' shape 
characteristic of valley glaciers entering a 
large valley. 
2. The crest elevation of the moraine is only 
6 m lower than the feature (moraine B„, Plate 1) 
it is correlated with.  This difference is 
attributed by this author to moraine B 's 
location on the valley wall, while moraine B 
is positioned on the valley floor. 
3. The moraine is quite large as compared to 
others in the area, as would be expected in 
the case of a terminal moraine. 
4. North Fork ice standing at a terminus suggested 
by the above reasoning, combined with the 
probable extension into the valley by ice 
from Kane Canyon could have inhibited the 
drainage of the Summit Creek Valley.  No 
lacustrine deposits have been found, but 
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Pankos (1980) records the presence of pink 
garnets in glaciofluvial deposits upstream 
from their recognized source in the Kane 
Creek Canyon.  She suggests that this may 
be evidence of a lacustrine environment. 
This appears to support the terminal 
moraine formation of moraine B_. 
5.  Medial moraines are rarely preserved 
(Sugden and John, 1976). 
Both interpretations, North Fork end moraine or compound 
interlobate moraine, for the source of this moraine are possible,' 
and until accurate dating of this and the surrounding deposits 
can be completed, neither can be unequivacably accepted or 
rejected.  Cotter's (1980) soil component analysis is interesting, 
but requires more detailed characterization of typical "Bull Lake" 
(Kane Glaciation, Cotter, 1980) soils if soil characteristics are 
to serve as the basis for dating glacial deposits ..in this area. 
Although Stewart (1977) and Wigley (1976) found evidence 
of two "Bull Lake" stades in glaciofluvial sediments, no such 
deposits were found by Cotter (1980), Pankos (1980), or in the 
course of the current study.  As in the studies in adjacent areas 
(Figure 7; Stewart, 1977; Wigley, 1976), morainic evidence for 
only one "Bull Lake" advance was found.  Terminal "Bull Lake" 
deposits were not found in any of the studies conducted in the 
area. 
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"Pinedale" Deposits 
The moraines attributed to the "Pinedale" (North Fork of 
Cotter, 1980) Glaciation are identified on the basis of position 
and morphology.  These deposits are shown on Plate 1.  Moraines 
assigned to the "Pinedale" Glaciation are less weathered, more 
continuous, and occupy a lower position in the major (Summit 
Creek) valley, than those assigned to the "Bull Lake" (see Plate 1). 
A series of stream terraces have been recognized in the area 
(Cotter, 1980; Pankos, 1980).  Older "Pinedale" glaciofluvial 
deposits were identified on the basis of their morphology and 
elevation above present stream level (Pankos, 1980).  Younger 
"Pinedale" terraces are graded to moraines (Pankos, 1980).  The. 
morphological similarity of individual moraines mapped as "Pinedale" 
necessitates differentiation based largely on down valley extent 
and correlation with stream terraces. 
The morphological similarity .of individual moraines mapped 
as "Pinedale" necessitates differentiation based largely on down 
valley extent and correlation with stream terraces.  As indicated 
by Cotter (1980), it was not possible to discern whether these . 
deposits represent a single glaciation interrupted by a series of 
stillstands or represent a" series of advances and retreats. 
In the case of most "Pinedale" deposits, the age assignments 
made in this study coincide with those of the North Fork glacial 
stages of Cotter (1980).  In some instances, however, differing 
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opinions occur.  As these age assignments are based on moraine 
position and orientation, rather than absolute dating techniques, 
either interpretation must be regarded as tentative. 
"Pinedale I" Deposits 
The deposits assigned to the "Pinedale I" are shown as 
moraines B , B , C , D , D^, and E  (Plate 1).  A reconstruction 
-L    ^    X    J.    A- _L 
of ice front position at "Pinedale I" time is presented as Figure 
36.  This reconstruction is supported by a reasonable lobal 
morphology, proper elevations of correlated moraine sections, and 
provenance information, which will be discussed in the following 
section. 
The maximum extent of the "Pinedale" ice in the lower Summit 
and Kane Creek Valleys is marked by a group of well-developed 
moraines, moraines B , B , C , D , and D  (Plate 1, Figure 36). 
These moraines have been assigned to.the "Pinedale I" stage to 
differentiate these deposits from subsequent "Pinedale" events. 
Provenance information (samples 14-1, -4, -5, moraine C , 
Plate 1) indicates that slight mixing of material from the Summit 
Creek and Kane Creek lobes took place.  Pebble determinations of 
samples 14-1 and 14-5 both include ritetamorphics (= Kane Creek 
source) and quartz monzonite (= Summit Creek source), in amounts 
which average 7 percent metamorphics and 2 percent quartz monzonite. 
Monazite (1 percent), as well as 65 percent hornblende is found in 
the heavy mineral determination of sample 14-1.  The presence of 
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Fig. 36.  Ice front positions during "Pinedale I" time. 
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monazite is an indicator of contribution of material from the Summit 
Creek source, while the large amount of hornblende indicates a much 
greater contribution from the Kane Creek source.  Thus, these 
samples have material from two sources, Summit and Kane Creeks. 
This suggests that the two lobes were in contact at the time of 
formation of these features (Figure 32).  This is supported by the 
geometry of moraines C and D  (Plate 1).  Cotter (1980) also felt 
that this geometry supported the displacement of the Summit Creek 
lobe by the Kane Creek lobe. 
With the exception of the samples previously discussed, the 
provenance of the remaining "Pinedale I" samples from moraines 
C , D , and D  (samples 12-2, -3, -4, -5, -6, -7, -8, 14-2, 20-1, 
-2) shows two distinct sources, one from Kane and the other from 
Summit Creek.  Samples from moraine C  (samples 14-2, 20-1, -2) 
have the provenance of the Kane Creek lobe, while samples from 
moraines D and D  (samples 12-2, -3, -4, -5, -6, -7, -8) exhibit 
the^.provenance of the Summit Creek lobe.  Boulder determinations 
at sites 12-2, -3, -4, -5, -7, -8 show a complete dominance of the 
indicator lithologies by quartz monzonite (Figure 8), clearly 
indicating a Summit Creek source.  No metamorphic or volcanic 
boulders were observed, suggesting no contribution from the Kane 
or North Fork sources.  Pebble determinations at the above sites, 
and 12-6, show ho metamorphic"clasts, no gray quartzite, and few 
(1 to 4 percent) volcanics, and 12 to 28 percent quartz monzonite, 
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again indicating an unmixed Summit Creek source-  Q mode factor 
analysis of this data correctly grouped these samples with the 
Summit Creek samples (Figure 18).  All heavy mineral determina- 
tions performed on moraines D and D  (12-3, -4, -6, -8) average 
10 percent monazite, 26 percent hornblende (much reduced from the 
values in excess of 50 percent observed in the Kane Creek area), 
3 percent clinopyroxene plus hypersthene (significantly lower 
than the values of 40 percent or more in the North Fork area), 
8 percent diopside (lower than the amounts of 30 percent or more 
in the Trail Creek area), and no pink garnet.  The presence of 
the monazite, combined with the low values for the other minerals, 
indicates an unmixed Summit Creek source.  Q mode factor analysis 
of the heavy mineral data correctly grouped these samples with 
others from deposits of the Summit Creek lobe (Figure 23), as did 
cluster analysis (Figure 29). 
The boulder lithology determinations at sites 14-2, -3, -5, 
20-1, -2, on moraine C. show no evidence of quartz monzonite, few 1 
volcanics (2 to 3 percent), and an average of 70 percent metamor- 
phics (Figure 8), indicating a Kane Creek origin.  Pebble deter- 
minations substantiate this grouping.  While the percentage of 
metamorphic pebbles (average of 13 percent) encountered is lower 
than the percentage of boulders (average of 70 percent), no 
quartz monzonite is found, few (2 to 5 percent) volcanics, and 
little gray quartzite (6 .and 5 percent in samples 20-1 and 20-2). 
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With the exception of sample 20-1, which was grouped with the Trail 
Creek samples (Figure 19)-, Q mode factor analysis of the pebble 
data groups these samples with those located in Kane Canyon (Figure 
20).  The assignment of sample 20-1 was probably based on the pre- 
sence of gray quartzite combined with only 3 percent metamorphics. 
This probably represents a local source of gray quartzite rather 
than a Trail Creek source, as all other samples in this moraine 
show a strong Kane Creek contribution.  The only other heavy 
mineral analysis (sample 20-2) from this moraine shows 62 percent 
hornblende, 2 percent clinopyroxene plus hypersthene, and no pink 
garnet or monazite, and therefore a Kane Creek source.  Q mode 
factor and cluster analysis correctly grouped this sample with 
other Kane Creek deposits (Figures 22 and 28). 
Boulder, pebble, and heavy mineral determinations thus 
establish a Summit Creek source for moraines D and D , and a Kane 
Creek origin for moraine C .  Evidence for mixing of material from 
the two sources in these moraines indicates that at the time of the 
formation of these features, the Summit Creek and Kane Creek lobes 
were in contact.• ^ 
The maximum position of the "Pinedale I" North Fork lobe 
may be represented by moraines B and B  (Figure 36, Plate 1). 
j, 12 
Cotter's (1980) interpretation of moraine B as a "Bull Lake" 
medial moraine would leave the North Fork lobe with no preserved 
terminal moraine.  As discussed previously (see p. 95 ), moraine B 
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is composed of material from two sources, the North Fork and Kane 
Creek areas.  It is this author's feeling that moraine B.. is -the 
terminal moraine of the North Fork glacier, the Kane Creek 
material being derived from the incorporation of outwash (see 
discussion p. 95 ). 
The provenance of moraine B„ indicates a North Fork origin. 
Pebble determinations at sites 25-1 and 25-2 contain no quartz 
monzonite or metamorphics (therefore no contribution by Summit.or 
Kane Creek sources), 4 percent gray quartzite in sample 25-2 
(contributed by outcrops of the Wood River Formation in the upper 
North Fork .Valley), and an average of 18 percent volcanics (=• North 
Fork origin).  Q mode factor analysis of this data grouped samples 
25-1 and 25-2 with other North Fork deposits.  Heavy mineral 
determinations made for sample 25-2 showed 69 percent clinopyroxene 
plus hypersthene (= North Fork Source), 2 percent hornblende, no 
monazite, no diopside, and no pink garnet.  These results indicate 
an unmixed North Fork origin. Q  mode factor and cluster analyses 
of this sample grouped it with other samples of a North Fork 
source (Figures 24 and 27). 
The only other "Pinedale I" moraine recognized in the study 
'area is located on the divide of the Trail Creek and Park Creek 
drainages, and is designated as moraine E  (Figure 36, Plate 1). 
This moraine is one of a series of lateral moraines found along 
the valley wall in this area.  Moraine E.. , the highest, and there- 
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fore assumed to be the oldest, is situated at an elevation of 
approximately 2412 m.  This moraine is continuous and slightly 
weathered, and is tentatively assigned a "Pinedale I" age on the 
basis of elevation, position, and morphology.  Without the benefit 
of absolute -dating, or a more complete group of deposits with 
which to relate this moraine, this age assignment is speculative 
at best. 
The provenance of moraine E. (samples 17-1, -2) indicates that 
the material in this moraine was derived from the Trail Creek source 
area.  Pebble determinations yield no quartz monzonite, metamorphic, 
or volcanic clasts, and an abundance of gray quartzite (21 and 20 
percent, respectively).  Although sample 17-1 is the only sample 
for which heavy mineral data is available, the heavy mineral com- 
position of this sample is, after adjustment (see p. 36 ), 100 per- 
cent topaz.  This is the only instance in which this occurred, and 
no explanation is offered, other than the obvious one requiring an 
unmapped source of topaz nearby.  Q mode factor analysis of the 
pebble data (samples 17-1, -2) correctly grouped these samples 
with others having a Trail Creek source (Figure 19).  The high topaz 
content of sample 17-1 caused it to be grouped by Q mode factor 
analysis of the heavy mineral data with Summit Creek deposits 
(Figure 23), a possible, but otherwise unlikely combination, which 
would require an unsubstantiated reversal of flow of the Summit 
Creek lobe.  Cluster analysis of the heavy mineral- data grouped 
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sample 17-1 with other Trail Creek samples (Figure 30). 
The position of moraine E on the divide between the Trail 
Creek and Park Creek drainages suggests that the Trail Creek ice 
abandoned its valley (at least in part) and flowed into the Park 
Creek valley.  The elevation of this moraine indicates that the 
glacier was probably large enough to continue through the Park 
Creek valley, and may have served as a tributary to the Summit 
Creek lobe. 
Provenance information, including boulder, pebble, and heavy 
mineral determinations, indicates a Trail Creek origin for moraine 
E.. , and strongly suggests a North Fork source for moraines B.. and 
B„.  This author's interpretation of the origin and age of the 
North Fork deposits discussed indicates that the North Fork lobe 
was not influenced by the Summit or Kane Creek lobes during 
"Pinedale I" time.  Provenance and position of moraine E suggests 
that during "Pinedale I" time the Trail Creek lobe crossed the 
divide into the Park Creek drainage and may have acted as a 
tributary to the Summit Creek lobe. 
Glaciofluvial deposits (outwash A) of "Pinedale I" age are 
represented by terrace remanants mapped by Pankos (1980).  These 
deposits are positioned on either side of the Summit Creek Valley 
at approximately the 2133 m. contour line northeasV'of the junc- 
tion of Kane Creek and the North Fork of the Big Lost River 
(Plate 1).  The provenance of these deposits, as determined by 
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Pankos (1980), reflects the contributions of the Summit Creek, Phi 
Kappa (a portion of the Summit Creek source area), Kane Creek, and 
North Fork areas.  The deposits on the north side of the river are 
derived predominately from the North Fork source, while those to 
the south reflect contributions by the Summit and Kane sources. 
"Pinedale II" Deposits 
"Pinedale II" moraines are located upstream, in their respec- 
tive valleys, from the "Pinedale I" terminal positions (Plate 1). 
These moraines, which are morphologically indistinguishable from 
the older "Pinedale I" deposits, form discontinuous roughly arcuate 
bands of till across the valley which they occupy.  Provenance 
information suggests that by "Pinedale II" time the terminal posi- 
tions of the Summit Creek, Kane Creek, and North Fork lobes had 
separated (although they were within a few kilometers of each 
other).  Little or no mixing of material occurred, and that which 
did is attributed to the incorporation of older outwash, rather 
than by contact between the individual lobes.  Figure 37 is a 
reconstruction of the ice lobation at "Pinedale II" time, and 
shows the position of. the moraines associated with the "Pinedale II" 
ice front positions (moraines F.. , F , F , F., G.. , H , H , H , and 
v- 
Moraines F,. .F , F„, and F„ in the lower Summit Creek Valley 12   3      4 
show the provenance characteristic of a.Summit Creek source 
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Fig. 37.  Ice front positions during "Pinedale II" time. 
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(samples 9-1, -2, -3, -4, 6-3, -4, 11-3, -4, -5, 12-1) (Plate 1). 
Boulder lithology determinations were made at all of the above 
listed sites, and indicate the Summit Creek origin of these 
deposits.  The determinations are dominated by quartz monzonite 
(average of percent), with no metamorphics, and few (1 to 2 percent) 
volcanics, clearly indicating an unmixed Summit Creek source. 
Quartz monzonite, again, is the dominant (average of 26 percent) 
indicator lithology in the pebble determinations (samples 6-3,-4, 
9-1, -2, -3, -4, 11-3, -4, -5, 12-1).  Metamorphic and gray 
quartzite pebbles are not encountered, and volcanics are present 
in small (1 to 3 percent) amounts.  The lack of metamorphic clasts 
represents no contribution by the Kane Creek source, while the 
absence of gray quartzite shows no recognizable Trail Creek con- 
tribution, and the few volcanic clasts are attributed to erosion 
of small, locally occurring outcrops of the Challis Volcanics, 
rather than representing a North Fork origin.  Therefore, the 
pebble determinations also represent an unmixed Summit Creek source. 
Heavy mineral samples (9-2, 11-3, 11-5) are typified by the 
presence of monazite (4 to 14 percent) and increased amounts of 
pennine (average of 16 percent), thus indicating a Summit Creek 
origin.  Q mode factor analysis and cluster analysis accurately 
group these samples with others of Summit Creek origin (Figures 18, 
23, and 29). 
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The "Pinedale II" moraines, moraine G^ , G , and G3 (Plate l),are 
of the North Fork Valley is typified by having a provenance of the 
North Fork lobe.  No boulder determinations were made, but pebble 
determinations (samples 25-3, -4, -5, 26-1, 27-1) have an abundance 
of North Fork volcanics (average of 20 percent), no metamorphics and 
few quartz monzonite (average of less than 1 percent) from an . 
unknown source.  Quartz monzonite clasts may have been incorporated 
into the till from older outwash deposited in the Summit Creek Valley, 
or may represent a contribution from an unmapped source in the North 
Fork Valley.  Gray quartzite, contributed by outcrops of the Wood 
River Formation in the upper North Fork Valley average 4 percent. 
Heavy mineral analysis of samples 25-3 and 26-1 yields a characteris- 
tic North Fork assemblage, i.e.  clinopyroxene plus hypersthene is 
present in large amounts (average of 68 percent), while hornblende, 
pink garnet, diopside, and monazite are absent.: Factor analyses 
correctly grouped these samples with others having a North Fork 
origin (Figures 17, 24, and 27). 
The "Pinedale II" moraines to the west of Kane Creek, moraines 
H , H„, and H. (Plate 1) have a distinctly Kane Creek provenance 
(samples 20-3, -4, 22-1, -2, 23-1, -2, -3, -4, -5, -6).  The 
boulder determinations_are dominated by metamorphics (average of 
78 percent) with no quartz monzonite and few volcanics (average of 
8 percent).  The pebble determinations are also dominated by meta- 
morphics (average of 17 percent) with, again, no quartz monzonite 
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and few (average of 6 percent) volcanics.  Q mode factor analysis 
of the pebble data correctly grouped the majority of the samples 
with others having a Kane Creek origin (Figure 20).  One (sample 
20-3), however, was grouped with North Fork samples, and another 
(sample 23-5) with Trail Creek samples.  These groupings are 
regarded as geologically unworkable.  The North Fork grouping is 
attributed to the influence of volcanic clasts contributed from 
outcrops of that rock type within the Kane Creek Valley. A Trail 
Creek source for sample 23-5 is unlikely in that a Trail Creek 
contribution would be combined with a Summit Creek contribution in 
a deposit this far down valley from the junction of the Trail Creek 
and Summit Creek lobes, and a Summit Creek source has been excluded 
using the above mentioned evidence. 
Heavy mineral determinations (20-3, 23-1, -2, -4, -6) from 
these deposits show increased hornblende (average of 68 percent) 
and the presence of pink garnet (1 percent).  The presence of pink 
garnet, combined with a hornblende value in excess of 30 percent 
indicates a Kane Creek source.  The absence of monazite represents 
no contribution by the Summit Creek lobe, and the low clinopyroxene 
plus hypersthene values (average of 4 percent) are far below the 
30 percent minimum indicative of North Fork origin.  Q factor 
analysis and cluster analysis grouped all heavy mineral samples 
from these deposits with other samples from the Kane Creek source 
(Figures 22 and 28). 
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The position and morphology of moraine H suggest a Kane 
Creek origin.  Pebble counts have no quartz monzonite (= no con- 
tribution by the Summit Creek source), and an average of 6 percent 
metamorphics (= Kane Creek source), and 4 percent volcanics 
(usually attributed to a North Fork source).  Unfortunately, Q mode 
factor analysis of the pebble data (samples 31-3, -4, -5, -6) 
groups two samples (31-1, -6) with the Kane Creek samples and two 
(31-4, -5) with the North Fork samples.  The influx of Challis 
Volcanics from the Little Kane Creek source may be responsible for 
the North Fork groupings of samples 31-4 and 31-5.  Heavy mineral 
analysis of sample 31-4 shows 60 percent hornblende and 2 percent 
pink garnet, both Kane Creek indicators.  Clinopyroxene plus hyper- 
sthene, indicators of North Fork source, is present, but only 
composes 10 percent of the sample.  This value is low when compared 
to the minimum of 40 percent found in samples in the North Fork 
area.  The lack of moriazite represents no contribution by the 
Summit Creek source.  Both Q mode factor analysis and cluster 
analysis of the heavy mineral data grouped this sample with others 
of Kane Creek origin (Figures 22 and 28). 
The unusual shape of this moraine is thought to be due to 
its mode of formation.  As the Kane Creek lobe extended into, the 
Summit Creek Valley, it began to turn in a downstream direction. 
As this occurred, accumulations of till were stacked along the 
glacier's path to form the contorted shape of moraine H  (Figure 38) 
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Fig. 38.  Diagram illustrating sequence of deposition which 
formed moraine H.. 
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The Trail Creek "Pinedale II" moraine, moraine 1-^ (Plate 1) 
exhibits a strictly Trail Creek provenance.  Pebble determinations 
(18-1, -2) show no quartz monzonite, nietamorphics, or volcanics, 
and an average of 15 percent gray quartzite, therefore clearly 
grouping these samples with a Trail Creek source. Heavy mineral 
data for sample 18-2 shows no hornblende, monazite, pink garnet or 
clinopyroxene plus hypersthene, but the presence of 65 percent 
diopside, again indicating a Trail Creek source for this deposit. 
This deposit was accurately grouped with other Trail Creek deposits 
by Q mode factor analysis and cluster analysis of pebble and heavy 
mineral data (Figures 19, 25, and 30). 
The position and provenance of this moraine suggests that in 
"Pinedale II" time, similar to the case of "Pinedale I", the 
Trail Creek lobe crossed the Trail Creek-Park Creek divide and 
acted as a tributary to the Summit Creek lobe. 
"Pinedale II" outwash (Outwash B, Plate 1) forms extensive 
terraces in the Summit Creek Valley, as well as terraces in the 
Kane and North Fork canyons (Pankos, 1980).  In all cases, "Pinedale 
II" moraines grade into "Pinedale II" terraces.  Terraces along 
Summit Creek have a Summit Creek provenance, while the terraces at 
the mouth of Kane Canyon reflect both Kane and Summit sources 
(Pankos., 1980) .  The terraces associated with the North Fork deposits 
exhibit a North Fork provenance (Pankos, 1980) 
 ..._..  .'- --.. -'- -•—..-•... .rry 
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"Pinedale III" Deposits 
"Pinedale III" (North Fork III of Cotter, 1980) moraines are 
situated upstream and up valley of their "Pinedale II" counterparts. 
In each of the deposits sampled, boulder, pebble, and heavy mineral 
determinations clearly revealed the same provenance information as 
seen for the "Pinedale II" deposits, and indicated that no mixing 
of material from active ice lobes took place.  This demonstrates 
that the Summit Creek, Kane Creek, and North Fork lobes did not 
converge during "Pinedale III" time.  For this reason, these deposits 
were used in the early portions of this study to characterize the 
source areas.  A reconstruction of the ice lobe positions at 
"Pinedale III" time is presented as Figure 39.  This figure also 
shows the location of the moraines associated with the "Pinedale III" 
ice front positions (J , J , J , J , K , K , K , K , K , L , and L ). 
Moraines assigned to. the "Pinedale III" of the Summit Creek 
Valley, moraines J , J , J-/-J., Jc,   J,, Jn,   and J  (Plate 1) 123456/       o 
(samples 2-1, 5-1, -2, -3, 6-1, -2, 7-1, -2, -3, -4, 8-1, -2, -3, 
-4, -5, -6, -7, 11-1, -2, 10-1, 30-8, -10, -11) all have character- 
istic Summit Creek indicators, with the exception of two samples, 
30-9 and 30-10, taken from deposits located upstream of the quartz 
monzonite outcrops (Figure 3), which supplies the quartz monzonite 
clasts and monazite which typifies most Summit Creek deposits.  
Boulder determinations (5-1, -2, 6-1, -2, 7-1, -2, -3, 8-1, -2, -3, 
-4, -5, -6v, -7, 11-1, -2, 10-1) average 79 percent quartz monzonite, 
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Fig. 39. ice front positions during "Pinedale III" time. 
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contain no metamorphics, and volcanics are limited to a maximum of 
3 percent.  Pebble determinations show a similar provenance as the 
boulder determinations.  Quartz monzonite is present in all samples 
(those listed for the boulder determinations and 2-1, 5-3, 7-4, 
30-9, -10, -11) and average 23 percent, metamorphics and gray 
quartzite are absent, and volcanics average 2 percent, which indi- 
cates only a Summit Creek source for these deposits.  In the heavy 
mineral determinations (samples 2-1, 7-1, -3, 8-1, -3, -5, -7, 
11-1, -2, 10-1, 30-10), monazite is present in all but three 
samples, 2-1, 10-1, 30-10, and averages 9 percent.  Pennine shows 
increased amounts of 2 to 24 percent.  Diopside is present as an 
average of 16 percent, while clinopyroxene plus hypersthene is 
absent with the exception of one sample, 8-5 (1 percent), and pink 
garnet is not found, thus indicating an unmixed Summit Creek source. 
Pebble determinations of samples 30-9 and 30-10, the two samples 
from deposits upstream of the quartz monzonite plutons, are devoid 
of any indicator lithologies (quartz monzonite, volcanics, meta- 
morphics, or gray quartzite).  Heavy mineral analysis of 30-10 
shows no monazite, clinopyroxene plus hypersthene, and only two 
percent hornblende.  Q mode factor analysis of the pebble data 
grouped the vast majority of these samples (87 percent) with the 
others of Summit Creek origin (Figure 18).  The two, 30-9 and 30-10, 
the did not fall into this category were grouped with the Trail 
Creek samples.  Although a Trail Creek source for these samples is 
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possible, the more likely explanation is that due to the location 
of these deposits, they do not exhibit the Summit Creek provenance, 
even though their- source is in the Summit Creek Valley.  Factor 
and cluster analyses of the heavy mineral data had similar results. 
Of ten samples (2-1, 7-1, -3, 8-1, -3, -5, -7, 10-1, 11-1, -2) all 
were grouped with the Summit Creek source, with the exception of 
sample 10-1, which was grouped with the Trail Creek samples.  This 
grouping is unlikely in that it would be unusual for material of a 
Trail Creek origin to be found on this side of the valley. 
A rouche mountonee veneered with till of moraine J, (Plate 1) 6 
is located in the upper Summit Creek Valley, opposite the mouth of 
Park Creek.  The provenance of the till (sample 2-1) taken from 
the crest of the feature shows that it was overrun.by ice of the 
Summit Creek lobe.  A pebble count shows 8 percent quartz monzonite 
with no metamorphics or volcanics.  Monazite was not present in the 
heavy mineral count, but pennine (also an indicator of Summit Creek 
source) composed 39 percent of the sample.  Diopside is present in 
amounts of 17 percent, hornblende (6 percent), and clinopyroxene 
plus hypersthene (2 percent), suggesting no contribution by the 
Trail Creek, Kane, or North Fork sources. 
The "Pinedale III" deposits (moraines,K-^ through K5) of the 
Kane Creek lobe, occupy a position just outside of the mouth of 
Kane Canyon (Plate 1).  The provenance of these deposits (samples 
24-1, -2, -3, -4, -5, 33-1, -2, -3) is that of the Kane Creek 
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source.  Pebble counts illustrate the presence of Kane Creek 
indicators (13 percent metamorphics).  Quartz monzonite ^clasts 
are not found, volcanics compose an average of 6 percent of each 
sample, and gray quartzite an average of 6 percent. " Heavy mineral 
determinations from samples 24-3 and 24-5 show an abundance of 
hornblende (81 and 60 percent, respectively), while pink garnet 
composes 2 percent of each sample.  Monazite and pennine are absent 
in both samples, indicating' no contribution by the Summit Creek 
lobe.  Diopside averages 8 percent, a much lower amount than 
observed in Trail Creek deposits.  Clinopyroxene plus hypersthene 
is present as an average of 13 percent, much less than the 30 per- 
cent or more found in areas of North Fork origin.  Q mode factor 
analysis of the pebble data groups three of the samples 24-1, -2, 
and -5 with the Kane Creek deposits (Figure 20), two samples (24-3 
and 24-4) with the Trail Creek samples (Figure 19), and three   ' 
samples (33-1, -2, -3) with the North Fork deposits.  The North 
Fork pebble groupings of samples 33-1, -2, -3 is probably.due to 
volcanic clasts supplied by a Kane Creek source.  The Trail Creek 
associations are attributed to the presence of gray quartzite which 
was probably supplied by a local, rather than a,Trail Creek source. 
The "Pinedale III" moraines of the North Fork area, moraines 
L.. and L , have a distinctly North Fork provenance.  Volcanic clasts 
are present in the pebble determinations (samples 26-2, 27-2, -3, 
-4, -5, -6) as an average of 24 percent.  Although unexpected on the 
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basis of the known distribution of rock units (Figure 3), quartz 
monzonite is present in sample 26-1 (1 percent) and 27-4 (1 percent). 
The presence of this rock type is interpreted as an indication of ' 
the incorporation of older outwash in the till, or as contributed 
by an unmapped source.  Clinopyroxene plus hypersthene dominate the 
heavy mineral suite of samples 26-2, 27-3, and 27-5 (average of 
69 percent).  Pink garnet is absent and hornblende composes an 
average of only 3 percent of the sample, indicating no Kane Creek 
contribution.  Pennine and monazite are absent, which suggests no 
inclusion of Summit Creek material in these moraines.  Q mode 
factor analysis of the pebble and heavy mineral suites group samples 
26-2, 27-2, -3, -4, -5, and -6 with other deposits of North Fork 
source (Figures 17, 24, and 27), as expected. 
The "Pinedale III" moraines of the Trail Creek area are 
extensive.  They are present as:  1) discontinuous lateral moraines 
(moraines M , M_, M , and M ) along the sides of the Park Creek 
Valley (Plate 1), 2) moraines (N and N ) which straddle the divide 
between the Trail Creek and Park Creek drainages (Plate 1), and 
3) a plug of till (moraines 0 and 0 ) in the lower Trail Creek 
Valley (Plate 1).  Provenance studies of samples from these deposits 
(samples 15-1, 15-2, 16-1, -2, -3, -4, -5, -6, 18-3, -4, -5, -6, 
19-3, -4) reveal a Trail Creek source.  Pebble determinations show 
no quartz monzonite, metamorphics, and few (1 to 2 percent) 
volcanics, and an abundance (average of 18 percent) of gray 
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quartzite.  These results indicate no contribution by the Summit, 
Kane, or North Fork lobes.   Heavy mineral counts show hornblende 
in quantities of 11 percent or less, pink garnet is absent, and 
clinopyroxene plus hypersthene present in amounts of 6 percent or 
less.  These low values as compared to the hornblende amounts in ... 
the Kane Creek area, or the clinopyroxene plus hypersthene contents 
in the North Fork area indicate no contribution by these sources. 
Diopside contents average 52 percent, indicative of a Trail Creek 
source.  Monazite is present in minor amounts (4 percent, 1 percent, 
and 4 percent) in samples 16-1, -4, and 15-2 near the junction of 
Summit and Park Creeks.  As no known monazite source exists upstream 
of these moraines (M , M , M ) in either the Trail or Park Creek 
drainages, the presence of this mineral may be evidence for invasion 
of the area by Summit Creek ice or outwash, or indicate an unmapped 
monazite source upstream from moraines M , M , and M , but downstream 
from moraines N, and N_ (Plate 1).  Cluster and Q mode factor 12 
analyses group all samples from the "Pinedale III" ,moraines of the 
Trail Creek and Park Creek areas with a Trail Creek source (Figures 
19, 25, and 30). 
"Pinedale III" glaciofluvial deposits (outwash C, Plate 1) are 
not as widespread as those, of the "Pinedale II".  They have been 
recognized by Pankos {1980) in the Summit Creek and tributary valleys, 
and exhibit the provenance of these areas (Pankos,,1980). 
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"Pinedale IV" 
The "Pinedale IV" (North Fork IV of Cotter, 1980) glaciation 
was the least extensive of those which occurred in the study area. 
This statement is based on the observation that "Pinedale IV" 
deposits are located near or well within the mouth of their source 
canyons.  The provenance of these deposits, therefore, is the 
provenance of each of the source valleys.. For this reason, 
deposits of the "Pinedale IV" moraines will not be artificially 
grouped into the four major source areas.  A reconstruction of the 
ice positions during "Pinedale IV" time is included as Figure 40. 
The best developed of the "Pinedale IV" moraines are a 
series of mested terminal moraines (Moraines P.. , P„, and P_) at the 
mouth of Phi Kappa Canyon (Plate 1).  These moraines were assigned 
a "Pinedale IV" age on the basis of their geometry and orientation.    \_ 
They have the roughly arcuate shape characteristic of alpine 
terminal moraines.  Had they been formed earlier than "Pinedale IV" 
time, they would have been destroyed by the main lobe of the 
Summit Creek glacier (see Figure 39).  Boulder determinations in 
these moraines (samples 4-1, -2, -3, -4) are dominated by quartz 
monzonite (average of 92 percent).  One volcanic boulder was found 
at sample 4-1, but at all other sample sites volcanics, as well as 
metamorphics, were absent.  Black quartzite was the most abundant 
clast in the pebble^determinations (samples 4-1, -2, -3, -4, -5) 
with an average, of 46 percent.  Quartz monzonite averages 36 percent, 
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Ice posrtions - Pinedole IV 
Fig. 40.  Ice front positions during "Pinedale IV" time. 
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while no metamorphics and few (1 to 2 percent) volcanics are 
found.  Heavy mineral analysis of samples 4-1 and 4-4 shows the 
presence of monazite (average of 7 percent), pennine (average of 
25 percent) and decreased amounts of hornblende (average of 7 
percent) , and clinopyroxene plus hypersthene (1 percent in sample 
4-1).  The high percentage of quartz monzonite boulders found out- 
side Phi Kappa Canyon, which has limited outcrops of quartz monzon- 
ite (Figure 3), may be an indication of the pre-existing Summit 
Creek ground moraine, rich in quartz monzonite, was incorporated in 
the "Pinedale IV" terminal moraines of Phi Kappa Creek. As 
expected in the case of a tributary to the Summit Creek lobe, 
Q mode analysis of the pebble and heavy mineral data grouped these 
samples with Summit Creek deposits (Figures 18 and 23), as did 
cluster analysis (Figure 29). 
Two lateral moraines, moraines P. and P_, are located just 
inside the Phi Kappa Canyon (Plate 1).  They are assumed to be of 
the same age as the above mentioned terminal moraines (Plate 1) of 
this canyon, and represent deposition by the last glacier to occupy 
this valley.  Boulder counts (samples 21-1, -2, -3) contain ah 
abundance of quartz monzonite (average of 68 percent), a lack of 
metamorphics, and few (3 percent) volcanics.  Pebble counts (21-1 
and 21-2) more accurately reflect the local bedrock geology, which 
has few quartz monzonite outcrops (Figure 3).  The most abundant 
rock type was black quartzite (average of 60 percent), followed by 
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argillite (average of 25 percent).  Volcanics are present as an 
average of 7 percent, metamorphics as an average of 3 percent, and 
quartz monzonite is absent.  The quartz monzonite boulders may have 
been deposited by the Summit Creek lobe invading the valley during 
earlier glacial stages, or from outcrops higher in the head of the 
valley.  The metamorphics are thought to have been derived from 
the contact metamorphic rocks surrounding the Phi Kappa ore body 
located in the canyon.  These moraines are too far removed from 
the Kane Creek source to speculate an origin from that area. 
Heavy mineral determinations from these deposits yield an average 
of 18 percent diopside, 16 percent hornblende, 6 percent monazite, 
and no pink garnet, clinopyroxene, or hypersthene.  The high 
diopside content of sample 21-3 (32 percent) may be a reflection 
of the contact metamorphism associated with the Phi Kappa sulfide 
body,  Q mode factor analysis of the pebble and heavy mineral 
data for sample 21-1 grouped this sample with Summit Creek 
deposits.  However, sample 21-2 was grouped with Trail Creek 
deposits in the same analyses.  In the case of the heavy mineral 
data, this is due to the high diopside content of the sample. 
Cluster analysis grouped both samples with those of a Summit 
Creek origin (Figure 29). 
Another "Pinedale IV" moraine, moraine Q. , is located in the 
Summit Creek Valley, near the junction of Big Fall and Summit 
Creeks (Plate 1), and parallels the direction of Big Fall Creek. 
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Based on its geometry and orientation, this feature appears to be 
a moraine deposited by a glacier flowing down Big Fall Creek. 
Quartz monzonite dominates the boulder determinations of samples 
9-5 and 9-6 (average of 87 percent), and the pebble determinations 
(average of 38 percent).  No metamorphics are encountered in 
either determination, and volcanics (1 percent) appear only in 
the pebble determinations of 9-6.  Heavy mineral analysis of 
sample 9-6 shows the presence of monazite (6 percent), pennine 
(32 percent), and decreased amounts of hornblende (5 percent) and 
clinopyroxene plus hypersthene (2 percent).  As the bedrock 
geology of this area is similar to that found in the Summit Creek 
Valley, the provenance of this deposit does not identify it as 
being a Big Fall Creek or Summit Creek moraine, although geometry 
and orientation suggests a Big Fall Creek source.  As anticipated 
for a tributary to the Summit Creek lobe, the samples from this 
feature were grouped with Summit Creek deposits in the Q mode 
analyses and cluster analysis. 
"Pinedale IV" deposits, moraines R , R„, R , and R at the 
mouth of an unnamed creek which intersects Summit Creek approxi- 
mately 1 km upstream from Big Fall Creek appear to be lateral 
moraines of a glacier which flowed from this valley (Plate 1). 
Provenance information (samples 3-1, -2, -3) indicates a Summit 
Creek-like origin.  Pebble counts show an average of 34 percent 
quartz monzonite, no metamorphics, and a few (2 percent) volcanics. 
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Heavy mineral analysis (3-2, -.3) shows the presence of monazite 
(2 percent) in one sample (3-3) , and an average of 3 percent 
hornblende, 2 percent clinopyroxene plus hypersthene, and 33 
percent pennine for both samples. . The orientation and geometry 
of these moraines suggest that these features had no contact with 
the main Summit Creek lobe, and thus represent the nature of the 
material tributary from this valley to the Summit Creek lobe in 
earlier glacial events.  These deposits were grouped with Summit 
Creek deposits on the basis of Q mode factor analysis of pebble 
and heavy mineral data, and cluster analysis of the heavy mineral 
data (Figures 18, 23, and 29). 
Samples 1-1 and7 1-2 were taken from a lateral moraine (S..) in- 
side the Summit Creek Canyon (Plate 1).  These samples contained 
no quartz monzonite or metamorphic pebbles, and few (1 to 3 
percent) volcanics.  They were, however, dominated by black 
quartzite (average of 53 percent) and argillite (average of 43 
percent).  The lack of quartz monzonite from a Summit Creek 
deposit is explained by the location of the moraine, which is 
upstream from the quartz monzonite outcrops (Figure 3).  Due to 
the lack of this Summit Creek indicator, Q mode factor analysis ; 
of the pebble data grouped this moraine with those having a Trail 
Creek origin (Figure 19). 
The "Pinedale IV" moraines (T and T ) of the Trail Creek 
drainage were not as extensively sampled as the deposits of the 
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Summit Creek, Kane Creek, or North Fork drainages (Plate 1). 
The only "Pinedale IV" moraine sampled (19-1 and 19-2) was 
located at the junction of Trail Creek and its West Branch. 
This was done to establish the characteristics of the material 
coming from these areas as probable sources, rather than to iden- 
tify the origin of the material in the Trail Creek Valley.  No 
quartz monzonite or metamorphics are found in either pebble deter- 
mination.  Volcanics are present in amounts of 3 to 9 percent. 
In both samples, the determinations were dominated by black 
quartzite (38 and 34 percent) and argillite (19 and 30 percent). 
Gray quartzite is present in amounts of 10 and 1 percent.  In the 
heavy mineral suites, clinopyroxene plus hypersthene, contributed 
by nearby outcrops of the Challis Volcanics, average 33 percent, 
while diopside composes an average of 5 percent of the sample. 
This indicates that the source of diopside (considered an indicator 
of Trail Creek origin) is contributed by outcrops downstream from 
this moraine, but upstream from the moraines located on or near 
the Trail Creek-Park Creek drainage divide.  Hornblende is 
present as an average of 8 percent,'while monazite and pink garnet 
are absent, indicating that as expected, there was no contribution 
to the Trail Creek area by Summit Creek or Kane Creek sources. 
Q mode factor analysis of the pebble data grouped this moraine 
with others of Trail Creek source (Figure 19).  The Q mode factor 
analysis of the heavy mineral data, however, grouped this deposit 
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with those of a North Fork source (Figure 24).  This attributed 
to the large clinopyroxene plus hypersthene content of the sample. 
Q mode cluster analysis of the heavy mineral data grouped this 
sample (19-1) with others having a Trail Creek origin (Figure 30). 
The "Pinedale IV" moraines in the Kane Creek Canyon (moraines 
U , U , and U , Plate 1) have predictably Kane Creek indicators. 
Pebble counts of samples 28-1, -2, -3, -4, have no quartz monzonite, 
while sample 28-5 has 13 percent.  Small quartz monzonite intrusive 
bodies are present in the Kane Canyon area, and one of these bodies 
is thought to be responsible for this anomaly.  Metamorphics are 
present in all samples (average of 7 percent) as are volcanics 
(average of 5 percent).  Heavy mineral determinations (samples 
28-2 and -5) are dominated by hornblende (average of 72 percent). 
Pink garnet is present (1 percent) in sample 28-2.  Clinopyroxene 
plus hypersthene composes an average of 5 percent of the sample 
while monazite is absent.  Q mode factor and cluster analyses 
grouped these samples with others from the Kane Canyon source 
(Figures 20, 22, and 28). 
The "Pinedale IV" deposits in the upper North Fork Valley 
(moraines V , V , V , V., V_, Plate 1) do not show the same 
provenance as younger "Pinedale" deposits found near the mouth 
of the valley.  The pebble determinations (samples 31-7, -8, -9, 
-10, -11, -12, -13) average 16 percent volcanics, no quartz 
monzonite, and 2 and 1 percent metamorphics found in samples 
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31-8 and 31-9, respectively.  The decrease in the amount of 
volcanic clasts as compared to "Pinedale IV" deposits near the 
mouth of the valley is attributed to the small amount of volcanic 
outcrops in this area.  The presence of metamorphic clasts 
supports an unmapped source in the North Fork Valley.  The 
absence of quartz monzonite indicates that if such a source exists 
in this valley, it is located downstream of these deposits.  Heavy 
mineral analysis from this area (samples 31-10, 31-12, and 32-1) 
contain only an average of 8 percent clinopyroxene plus hypersthene 
compared to the average of 82 percent in the lower portion of the 
valley.  This is, again, attributed to the lack of volcanic out- 
crops in this area.  Hornblende is present as an average of 13 
percent and monazite and pink garnet are absent.  Due to the lack 
of volcanic clasts in the pebble fraction, Q mode analysis grouped 
moraines V and V with the Trail Creek deposits (Figure 17), part 
of V  (sample 31-10) with the North Fork deposits and the other 
part (31-11) with the Kane Creek deposits (Figure 20).  Samples 
31-12 and 31-13 (moraine V ) were grouped with the North Fork 
samples, as they contain an average of 20 percent volcanic clasts. 
Q mode factor analysis of the heavy mineral data grouped sample 
31-10 with Kane Creek samples (due to 24 percent hornblende), and 
samples 31-12 and 32-1 with the Summit Creek deposits (Figure 23). 
The reason for_ the Summit Creek groupings is unknown, but is  
considered' geologically unreasonable.  It is highly unlikely that 
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the Summit Creek lobe would invade the headwaters area of the North 
Fork of the Big Lost River. 
The geometry and orientation of the "Pinedale IV" deposits 
indicate that the glaciers of this time did riot extend far beyond 
the limits of their source valleys.  Although their influence on the 
landscape was not as great as previous glaciations, the provenance 
of the "Pinedale IV" material can be used as an indication of the 
type of material contributed by these valleys during earlier glacial 
events. 
Brief Summary of Glacial History 
To summarize the glacial history of the study area:  Four major 
valley glaciers, the Summit Creek, Trail Creek, Kane Creek, and 
North Fork lobes advanced through the study area.  Each of these 
glaciers was fed by tributary glaciers, the largest of which was 
the Trail Creek glacier which acted as a tributary to the Summit 
Creek lobe.  Two main episodes, the "Bull Lake" and the "Pinedale", 
are recognized. 
The "Bull Lake" glaciation was the most extensive to occur in 
the study area.  Evidence of one "Bull Lake" advance is represented 
by lateral moraines along the lower Summit Creek Valley walls. 
Although no evidence remains, it is speculated that the Trail 
Creek lobe acted as a tributary to the Summit Creek lobe at this 
time.  The Summit Creek, Kane Creek, and North Fork lobes probably 
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coalesced and flowed down the present valley of the lower North 
Fork of the Big Lost River.  No terminal moraines of this glacia- 
tion have been found, and the only evidence of the coalescing of 
these glaciers is an elongate moraine in the central lower Summit 
Creek Valley which is identified by Cotter (1980) as a "Bull Lake" 
medial moraine.  Work conducted in the course of this study agrees 
that this may be sj;rue, but suggests that this moraine may be a 
"Pinedale I" terminal moraine.  Some evidence exists for the advance 
of the Kane Creek lobe across the valley in late "Bull Lake" time 
following the retreat of the Summit Creek and North Fork lobes. 
The "Pinedale" glaciation is divided into four stages, each 
represented by a moraine set.  The "Pinedale I" positions mark the 
maximum extent of this glaciation.  Provenance information suggests 
that the Summit and Kane Creek lobes were in contact with each 
other, and may have mutually influenced flow directions within each 
glacier.  No evidence was found to support a similar relationship 
between the Kane Creek and North Fork lobes.  The Trail Creek lobe 
appears to have flowed down the Trail Creek Valley, and upon 
reaching a bedrock obstruction to have split or turned, and crossed 
the divide separating the drainage of Trail and Park Creeks, and 
continued to the Summit Creek Valley where it acted as a 
tributary to the Summit Creek lobe.  Inspection of the lower Trail 
Creek Valley shows little evidence of modification by glacial 
activity. 
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"Pinedale II" positions are located behind those of the 
"Pinedale I" glaciation.  Provenance information indicates that 
each glacier stood as a separate body with no mixing of material 
occurring, with the exception of the Trail Creek lobe, which 
continued to act as a tributary to the Summit Creek lobe. 
The "Pinedale III" glaciation is different from the "Pinedale_II" 
only in that the terminal positions of the "Pinedale III" are 
located up valley from those of the "Pinedale II".  The most 
complete series of Trail Creek moraines are of this age, and 
document the tributary nature of the Trail Creek lobe to the Summit 
Creek lobe. 
The "Pinedale IV" glaciation was the least extensive of any 
found in the glacial record of the study area.  Glaciers did not 
flow far beyond the confines of their source valleys.  No evidence 
exists to suggest that the Trail Creek lobe joined the Summit 
Creek lobe in "Pinedale IV" time.  The Kane and North Fork glaciers 
appear to have remained within their respective valleys. 
SEM and Energy Dispersive X-Ray Analysis 
One sample, 21-3, was examined with the SEM .(Scanning Electron 
Microscope) and Energy Dispersive X-Ray Analysis in the hopes of 
identifying any iron, zinc,- or lead sulfides that may have been 
transported by glacial action from a known mineralized area in Phi 
Kappa Canyon.  Iron oxides and sulfides, as well as silicates, were 
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identified, indicating that the arid climate of the area preserves 
these, and probably other sulfides.  It became apparent, however, 
that for successful use of this technique, the sample preparation 
procedure must be refined.  Hand separation of opaques from trans- 
parent heavy minerals is recommended, with the opaque fraction then 
separated into various groups by magnetic susceptability., This 
would allow examination of the specific fraction of interest, and 
eliminate the analysis of many non-ore. minerals. 
Although this study did not prove the usefulness of ore 
prospecting by analysis of till matrix, it did show that sulfides 
are retained in the tills of an arid region, and suggests better 
preparation procedures for further study. 
The recognition of possible contact metamorphic clasts and 
minerals in the Phi Kappa deposits indicates that these traditional 
provenance tools may also be useful in mineral exploration in alpine 
glaciat.ed terrain. 
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Conclusions 
The provenance of the study area was determined on the 
basis of 60 boulder lithology determinations, 152 pebble lithology 
determinations, and 70 heavy mineral determinations.  The conclu- 
sions of this study are as follows: 
1.  Four source areas for the glacial deposits of 
the study area were defined: ^ 
a. The Summit Creek Source - characterized 
by quartz monzonite boulders and pebbles 
in amounts greater than metamorphic plus 
volcanic clasts, and a heavy mineral suite 
containing monazite and greater than 11 
percent pennine. 
b. The Kane Creek Source - characterized by 
metamorphic boulders and pebbles in 
amounts greater than quartz monzonite plus 
volcanic clasts, and a heavy mineral suite 
containing pink garnet and greater than 40 
percent hornblende,. 
c. The North Fork Source - characterized by 
volcanic pebbles in quantities greater than 
quartz monzonite plus metamorphics and a 
heavy mineral suite containing clino- 
pyroxene plus hypersthene in excess of 30 
percent. 
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d.  The Trail Creek Source - characterized by 
the presence of gray and banded quartzite 
and a lack of quartz monzonite or meta- 
morphic clasts and diopside in excess of 30 
percent. 
2. Evidence indicating four major valley glaciers 
whose source areas coincide with those of the 
glacial deposits was found. 
3. Evidence for two major glacia-1 events correlative 
to the Bull Lake and Pinedale Glaciations, and 
generally equivalent to the Kane and North Fork 
Glaciations suggested by Cotter (1980). 
4. Divide crossing by the Trail Creek lobe was 
documented. 
5. The idea of using till matrix investigation as a 
mineral exploration tool was supported by the 
recognition of iron sulfides in till matrix. 
6. A refined procedure for the preparation of till 
matrix for identification of ore minerals is 
suggested. 
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Suggestions for Further Study 
1. Re-examination of the till matrix from the Phi Kappa 
deposits using the previously suggested techniques. . 
2. Analysis of the clay fraction of the till matrix from 
the Phi Kappa deposits to determine the nature of any 
adsorbed metallic ions. 
3. Complete mapping of the glacial deposits of the Trail 
Creek drainage. 
4. Characterization of "typical" "Bull Lake" and "Pinedale" 
soils for use as a relative dating technique. 
5. Seismic profiling of the Summit Creek Valley to 
determine the depth of the fill and the nature of the 
buried portion of the valley. 
6. Where applicable, the use of boulder lithology deter- 
minations allow recognition of ice flow paths in the 
field.  For this reason, the author feels that this 
technique should be included in studies of this nature. 
Pebble lithology determinations, if conducted in the 
field, can also contribute valuable "on site" infor- 
mation.  If not done in the field, this technique still 
adds valuable provenance information and should be 
included in future provenance studies of this type. 
Heavy mineral determinations constitute a time consuming, 
but important additional group of data.  The results   » 
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of this study, however, show that in this area heavy 
mineral information provided supporting, rather than 
unique, evidence.  Therefore, in a provenance study 
in which the investigator had limited time, boulder 
and pebble lithologies probably would yield adequate 
indicators of source. 
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APPENDIX I 
BOULDER LITHOLOGY DETERMINATIONS 
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APPENDIX II 
PEBBLE LITHOLOGY DETERMINATIONS 
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